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@001/015 

Region 10 
12DD Sixth Avenue 
Seattle WA 88101 

4vEFA 
June 15, 1992 

In Reply 
Refer To: HW-113 

Robert L. Geddes 
Senior Environmental Engineer 
Monsanto Chemical Company 
P.O. Box 816 
Soda Springs, ID 83276 

Subject: Phase l Remedial Investigation/Feasibility Study 
Preliminary site Characterization Report for the 
Monsanto Soda Springs Facility 

Dear Mr. Geddes: 

The purpose of this letter is to acknowledge your timelv 
submission of the Preliminary Site Characterization Summary Report 
and to transmit EPA's comments on the report toIyou (please see 
enclosure). The Report submitted on April 23, 1992 was responsive 

relatively ^^v ^i^' organizea in a] fashion that was 
relatively easy to follow in most places. The air 
pathway/emissions discussions were the most difficult to review and 
S ̂ the lack of complete supporting inflation for Se 
assumptions and conclusions discussed in the repolrt. 

the i peci£lc consaents to the document are provided on 
pages. The general comments reflect! major issues of 

concern that could affect Phase II planning and development The 
STSjS? c<fme*ts .deal Primarily with explanation ajnd clarification 
of particular topics, some of which must be addressed in Phase II 
I S 2  S ° ? '  ° f  f  a d d r . s s e d  i n  C u t u r e  
Remedial Investigation (RI) reports. 

By this letter, EPA is also proposing a change in the Work 
fif to *eeP the project moving and avoicl duplication of 

effort. Rather than have Monsanto revise this preliminary Report 
T±J£??*S "°"sant0 acknowledge and r^po^Tto Il?s 

£ a aemo within three weeks of receipt df these comments 
w^^v 1?iSeqUe2 ^ t^fporate aiiy nec®ssary changes in the Phase II 
aDuronri^'* *se 11' and/or in the draft RI report as 

vS acceptable to ?on' Please acknowledge your 
agreement with this change in your response letter. 
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If you have any questions about this letter or the enclosed 
comments, please call me at (206) 553-2100 and ve can' either 
discuss them at that time or put them on the agendd for our meetinc 
on June 17, 1992. 

Enclosure 

cc: Kevin Oates, EPA Superfund 
Charles Ordine, EPA ORC 
Christine Psyk, EPA Superfund 
Lorraine Edmond, EPA ESD 
Don Matheny, EPA ESD 
Gordon Brown, IDHW 
Hike Thomas, IDHW 
JimEldridge, SAIC 
David Banbon, Golder Associates 

Sincerely 
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EPA COMMENTS on the MONSANTO CHEMICAL COMPANY 
PRELIMINARY SITE CHARACTERIZATION SUMMARY REPORT 

COMMENTS ON THE DOCUMENT IN GENERAL: 

1. Evaluation of the vadose zone as part of wub ^u^ouicai 
investigations was incomplete. It was stated on page 23 (Section 
2.5) that the vadose zone beneath potential sources will be 
evaluated for potential to affect ground water quality. 
Potentially affected vadose zone areas were not discussed in 
Section 3.5 nor specifically discussed in Chapters 4 or 5. The 
report states that the sewage evaporation pondsf may affect the 
ground water quality, and that the old underflow solids ponds 
affect ground water quality? however, an evaluation of vadose soils 
m these areas is absent. It is also possible Ithat the ground 
water may be affected by material or residuals from the old coke 
and quartzite slurry pond which did not have a liner. Other 
potentially affected vadose areas should include the Northwest Pond 
snd the active underflow solids stockpile. I 

T^e. Monsanto Work Plan (page 51) states that vadose zone 
contribution to ground water quality will be (determined from 
geochemical equilibria evaluations and ground water data with the 
assistance of certain models. The SCR stated that fluoride 
concentrations have reached equilibrium at thle site without 
providing documentation or supporting information. 

Since data obtained during the Phase I investigation suggest that 
SI?1** *!vS site contain covered and closed impoundments 
that these areas in the vadose zone are potential sources for 

lo®di"? to ground water, it is rEoommended that 
additional evaluation of soils beneath the~ feoundments be 
performed during Phase II to determine their contribution to around 
water quality. T ' 

The types of information necessary for vadose zone evaluation may 
include detailed discussions of contaminant fate And transport in 
subsurface soils, distance from the bottom of source areas to the 
water table, the hydraulic conductivity in soils beneath the 
impoundments, evapotranspiration rates and the associated aquifer 
recharge resulting from the infiltration of precipitation, and a 
few soil samples down to the water table from selected areas. 

2. In order to establish common background values for screening 
purposes for both Soda Springs Superfund sites, EPA directed 
Monsanto and Kerr-McGee to each take 3 off-site background samples 
from agreed-upon locations and then to use the dalta from all six 
locations to establish background. The SCR report includes only 
the 3 samples taken by Monsanto. For Phase ri, Monsanto should add 
the additional 3 data points and re-evaluate whilch analytes are 
elevated with respect to background. The Work Plan should include 



a chart shoving, at a minimum, the range, • mean, and standard , , ( » » " ——»»» / m • a v f aw 
deviation of background samples (ri"6, the same 6 samples used by 
Xerr-McGee) alongside the range, mean, and standard deviation of 
site samples. In addition, several methods of comparison between 
background and site concentra^oh eHihouia he Shown. 

EPA is not convinced that the RCRA UTL approach usied in the SCR is 
the appropriate statistical method to evaluate elevation with 
respect to background at this Superfund site. EPA does not 
recommend or have a single approved statistical method for this 
type of screening at Superfund sites. Rather, EPA prefers to use 
several different standards for comparison, such as the background 
mean, the mean plus 1 or more standard deviations! and/or broader 
regional values, in order to accurately screen for elevation with 
respect to background. EPA has no objection to the UTL method 
being one of the comparisons used by Monsanto, but others should be 
used as well (for example, Kerr-McGee used the background mean plus 
two standard deviations was used as one comparison value and a very 
broad western U.S,n concentration range as a second comparison). 

3. The rationale for selection of background ground water wells 
was incomplete or confusing. For example, Well TWr02 was selected 
as a background well even though some of the constituents in the 
ground water at this location have historically exceeded risk-based 
levels, in addition, the concentration of zinc in this well was 
excessive compared to the other background wells. The selection of 
these wells should be reconsidered as decisions are made for Phase 

decisions are made should be more fully documented 

4. The screening tables used to identify elevated constituents in 
the ground water (Tables 4-14 and 4-15) used oily the maximum 
filtered concentrations. While filtration of ground water samples 
Provides useful information for understanding chemical transport 
within an aquifer, it is critical to measure the chemical 
concentrations as they relate to potential exjposure. Large 
differences in constituent, concentrations (up to 3 orders of 
magnitude higher) exist between unfiltered and filtered samples. 

Risk Assessment Guidance for Superfund (RAGS)| recommends an 
adequate evaluation of such differences, prior to identification of 
potential contaminants of concern based on filtered data since it 
cannot be assumed in future exposure scenarios that all ground 
water consumed will be filtered with a 45 /m filter, in order to 
SSi?5.Vnw*2fpara2:lon of ,the Risk Assessment J Monsanto must 
provide EPA with such an evaluation during Phase II. 

5. The Mead Thrust Aquifer System is not adequately addressed in 
fckis report. At least five Monsanto Wells with elevated levels of 
constituents occur in this system, along with sLveral off-site 
springs. An understanding of the vertical and horizontal 
contaminant plume in this system, especially in the eastern portion 



of the Monsanto site, is necessary to evaluate potential remedial 
actions that may be necessary. Since the Mead Thrust Aquifer 
System unices vith the Shallow Ground Water Zone as described on 
page 63) and the Lewis Well has elevations of chemicals similar to 
plumes emanating from both the Monsanto and XeJrr-McGee sites, 
further evaluation of this aquifer is warranted, A *regionalM 
approach to characterising the plume in this I system may be 
necessary through joint information sharing and gathering from both 
Monsanto and Kerr-KcGee. The Phase II Work Plai, should address 
how the Mead Thrust Aquifer will be more thoroughly Characterised 
in Phase II in order to complete the RI. 

6. It was stated in various sections of t le report that 
characterisation the UBZ-2 zone south of the Plant is inadequate 
and further information is required. The Phase II Work Plan must 
include plans to further characterize plumes migrating off-site 
through activities such as the installation of wells south of the 
Plant, aquifer testing, and chemical sampling. Datla should also be 
collected to determine influences of the fault strut 
water flow south of the Plant. 

stures on ground 

7. The SCR presents a limited assessment of air 
from the site. The report evaluated TSP and PMl ~~~ , ovaiutttca isr una fnijy impacts along 
with an incomplete assessment of fluoride and cadm:.um impacts from 

quality impacts 
impacts along 

®ite; ** indicated in section 6.2.2.1 of the report, 
additional site characterization must be done in Phase II to 
identify applicable sources and constituents of I concern and to 
determine the significance of the air pathway at site. 

,nume^°us assumptions, data, and calculations 
involved with the air pathways and air transport analyses presented 

• °ns .5 *3 *1 ELnd 5 •3 •2/ respectively was very difficult. In 
addition, since much of the supporting information that Golder 
Associates and SENES Consultants used apparently Was derived from 
material and personal communications from Mr. Don Wind (Memorandum 
in Appendix A), the quality of the data used Is unknown. Several 
examples illustrate these points: 

Many of the emissions estimates from certain sources or source 
areas used in the dispersion modeling — —— —— analysis are 
® i c a n t l y  l o w e r  t h a n  t h e  e s t i m a t e s  u s e d  i n  e a r l i e r  w o r k  <t m 1 600 Ji.. i _ %_ j _ _ -conducted in 1988 (e.g. nodule crushing area slag pile), 
unfortunately, much of the data needed to support such changes 
are lacking in this submittal. 

The concentrations of cadmium and fluoride used in the TSP 
fraction emission rates are not provided in the Appendices for 
review. The concentrations and moisture content data used on 
pages 141 and 142 are apparently based on Unverified 1990 
data, which differs from some of the RI/PS data in Appendix B. 
Similarlv. fh© ei* if i.w^ • « Similarly, the percent silt contents for the 
piles presented on page 145 conflict with th 

active storage 
a RI/FS data in 

5 
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Table 3-2. 

crushing/screening scrubber outlet emissions was 
JS!L f .»?n page 133' however, Table 5-1 and a memo in 
T2S W emissions to be 9.7 lbs/^ir. in addition 

» calculate fluoride apparently due to lack 
°n ?age 141' the fluoride Concentration in 

nodule fractions was given as 0.00715. (The dadmium value was 
the same on page 133 and 141) . ' 

J?!IvCadJnium fluoride fractions used in the| calculations of 
baghouse emissions were not provided in Section 5.3.1.2. 

The control or collection efficiencies of the various 
baghouses' and other fugitive &ust collection 

operations appear to represent peak efficiencies and thus 
somewhat optimistic. Supporting data shouldThe provided. 

It is unclear why Tables 5-16 and 5-20 do not have numerical 
values for predicted cadmium concentrations in the air 
resulting from nodule reclaim and slag dumping operations, 
even though data is available for the calculations involved. 

This background needs to be provided to EPA as sc 
preferably with the addition of the most recent ( 
Specific Comment #3), to allow EPA to evaluate Phas 
The air pathways discussions in the Rl report will 
more thoroughly documented. 

on as possible, 
(|1991) data (see 
>• II proposals, 
have ho be much 

®i°uld b* Provided in the Phase II Work Plan for the 
elimination of other constituents in the evaluation]of air quality. 
results /S'*8- should include my recent^ stack sampling 
a ? a l ^ ? g  ® b o u l d  b e  p e r f o r m e d  o n  t h o s e  c o n s t i t u e n t s  
farther'ver% ldentifled in off-site soils! In addition, 
•iSrSiJ Luation of emissions emanating from thd nodule reclaim 
Phase II S dumPin9' operations should be conducted during 

only ainbient aii concentrations 
available for the inhalation exposure pathway. There is no wav of 

p?tBTrtial chemical deposition associated! with current or 
past operating practices. While the presently planned soil 
sampling effort will provide information related to the deposition 
of site-related emissions, it may prove necessary! to distinguish 
attrihStSS!?'*materials deposited from past practices and those til ? to cu^e?; 0Pa«tions. if sufficient information is 

otherwise available to characterize the site, deposition 5 conducted to evaluate the amounts of emitted 
constituents of concepi deposited on soil/vegetation surfaces in 
the vicinity of the site. Deposition modeling may] also provide a 
Of 19R? fAUOride~in~vegGtati°n nonjitoring reports 

1985 through 1988, as they relate to emissions generated at the 
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ll. The SCR report fails to address any air quality-related 
impacts (e.g. fluoride and cadmium emissions} assosiated with past 
operating practices at the site. This issue must be considered 
during planning for Phase XI and, at a minimum, (will need to be 
addressed thoroughly in the draft/final RI. If processes/practices 
have changed during the history of operation, then such changes 
should be evaluated to determine their potential contribution to 
elevation of constituents of concern in off-site soils. 

COMMENTS ON SPECIFIC PAGES: 

1. Page 39, Section 3.2.1: The modeling described in the SCR was 
based on one year of meteorological observations collected during 
1990. As data from 1991 are now available, an analysis of 1990 and 
1991 meteorological data should be performed and presented to EPA 
as soon as possible, and should be documented in the draft RI. 
This analysis should include a discussion as to howf the variability 
and seasonality of the data may affect emission estimates. 

J. 2. Page 41, Paragraph 5: The modeling analysis employs mixing 
height data gathered at fioiee. Upper air data collected at Salt 
Lake city (SLC) would have been more appropriate' 
SLC is physically closer to Soda Springs than 
importantly, SLC and Soda Springs are closer in el 
Soda Springs and Boise. For ongoing work at s 

for use because 
3oise, and more 
evation than are 
imilar sites in 

Pocatello, ID, EPA has approved the use of SLC data for modelling. 
EPA recommends that Monsanto use mixing heights 
future modeling analyses. 

from SLC in any 

faults and the 
should be more 
testing done in 

3. Page 58, Section 3.6.2.1. A review of the veil logs and 

historical data indicates that the role of the 

transmissivities of flows and interflow zones 

accurately defined. The results of the aquifer 

1984 are equivocal. For several of the tests it was noted that 

there was no measurable drawdown in observation vejlls when PW2 and 

PW3 were pimped. Several possible explanations vejre noted for the 

lack of drawdown observed: an anisotropic ground[water system, a 

hydraulic barrier or the steeply sloping water table preventing 

full propagation of the cone of depression (Golder J November 1985). 

Furthermore, four of the wells on which the aquifer testing was 

performed were found to have poor seals, compromisjing the results, 

only two of the 10 wells tested were screened completely in the 

basalt. It should also be noted that the well \^ith the highest 

transmissivity was screened in the LBZ; however, ift was one of the 

wells abandoned because of the poor seal. L 

It appears there is insufficient data to confirm tie assertion that 
the faults act as barriers to flow and that there is no hydraulic 
connection between the UBZ and LBZ. More extensive hydraulic 



by Kerr"McGee ,fo,lu"J that the conductivity of the flows 
and interflow tones was similar. This issue must be more fully 

r\# DWA M A  TT me A- _ • e 4. adOiwrnaseJ In the draft ki. as parr of Phase II, 
*dditi°nal work i® necessary to more accurately 

p?fi£ characteristics of the aquifer, especially south of the 
,e general comment #5) . This could include performing 

pUfflp. **sts# .installing some new wells]screened in the 
^terfiov tones, or eome a^rmmtiv.^ 

5llls"liT?l^ 1°°$* ^S«tsr° ttw ^ •°»litottoe9SSSi 
eoiinr^i , substantially lower bicarbonate and specific 

N iB mu,ch ^ otoer 
wIti. «.wll II springs. These values are closer to the "fresh" 
wells than the sodic. TW-28 also has a Ca/Mg ratio oreater than 
one, but other parameters are similar to the "sodic" wells sine* 

also used as background sodic wells. These issues 
made Mon COIJsidfred1 during Phase II planning and i'f no changes are 
wells SereaS?LS°?i thr°V12- further clarification for why these 
weiis were placed in the sodic system in the draft RI. 

f * Pa?* 63' Paragraph 2. It is stated that TW-10 water is sodic 
vouna aCTe ^Cent*Knfiltrati°n frott fresh water accounting for the 

9 (^ong the youngest tested) and elevatedI tritium levels. 
However, oxygen-18 and deuterium values are almost identical to 
those for Doc Keckley end Hooper springe which £e sSdic lete? 
does "not ?i? ehl"" a* i t„h° senerel chemistry of TK-lo shows that it 
eml.JS^* JEic 4 water- proflle' Monsanto should provide an 
in^the draft Ri. & varittnce ln some Parameters and not in others 

6. Page 64 Ground Water Flow Characteristics, tBZ-5 
J?® report states that "based on existing! hydrogeoloaic 
sourlS atT'tl^MMsSh inIi *% n0t f°rn^radient of any potential 
sources at the Monsanto Plant, and based on age-dating is not 
threatened by plant activities." This is an important conclusion 

vliBCU8S®d.i?1 ttDre detail in the next RI report and 
it?ef«£s connected to the hydrogeologic information?® which 

7. Page 68 Ground Water Use 
to a former drinking water well (at KMCC that is 

Seir « *?-? ®y ur,derstanding that KMCC formerly used 
Production well as a drinking water well, then later 

connacted to the Soda Springs City water 6upply. Th<> final PT 

1^4°JUBZ l^t.inClU<Je 4 figUr6 outlinin5 zone subdivisions (LBZ 

screen^ l l i +fjbancl>^k °f 0.5-Hazard Index is used as a primary 
III IE 9 criterion. This assumes that there are no other pathways 
for those contaminants. Region X guidance uses a pazard Index If 

8 



0*1 for screening when other potential pathways exi st. This should 
be reevaluated during Phase II planning and discussed in the Rl 
report. 

9. Page 87, Section 4.4.2. The screening procedure used for 
constituents of potential interest is human health risk-based and 
does not necessarily reflect ecological risk-based jlevels to plants 
and wildlife. This should be clearly documented in the RI report. 

10. Page 88 and 89. An W factor is given as a multiplier of the 
air ̂ particulate data to obtain the "respirable traction". The 
toxicological assumption that 25 percent of the TSP is retained in 
the lungs is debatable. EPA guidance suggests tlie collection of 
PM-10 data for assumptions regarding the respirablje fraction. The 
air pathways and air transport analyses modeled PM-10 levels for 
cadmium and fluoride. The recommendation for sampling of 
parfciculatss from the IDHW stations in Phase Til may provide 
information of TSP and PM-10 levels. If not, Moinsanto should 
propose ah alternative method to collect the neces:say information. 

11. Page 91 Ground Water Quality 
When discussing the interpretation of data from filtered samples, 

the report states that "a filtered sample... overestimates the 

dissolved constituent in a water medium as ... about half of all 

colloidal particles present (i.e., those lass than 45 am in size) 

are represented in the sample.11 One of the obj eetives of looking 

at data from filtered samples is to evaluate the Ifraction of the 

constituents that is mobile in ground water. Because filtering 

removes some of the colloidal particles, it may result in an 

underestimate of the mobile fraction. The relevant section of the 

Draft should discuss both sides of the filtered/unfiltered 

question. T 

12. Table 4-10. Noncarclnogenic Reference Doses, 
this table are incorrect, including: 

The RfDs for chromium (III) and chromium (IV) 
mg/kg/day, respectively, as reported in th<i 
Golder references last year's HEAST Tables, 
unspeciated chromium RfD of l.o mg/kg/day. 

The report assigns an inhalation RfD (noncar 
0.0001 mg/kg/day for manganese. The current 
report it as 0.0004 (Pour times higher). 

For cadmium, the 8F is given as 6.3 mg/kg/day in this table, 
but the value from HEAST is given as 6.1 mg/kg/day. 

Monsanto should review the RfD values and fart or the correct values 

into planning for Phase II. A corrected table should be provided 

m the RI. ¥ 

Several RfDs in 

are 10 and 200 
HEAST Tables, 
and reports an 

cinogenic) of 
HEAST tables 



13. Table 4-16. Nitrate/Nitrite (as total N) le given an RfD 
list%h* (Reference is listed as IRIS), but the HEAST Tables 
list the sane parameter as a value of 0.1, wfaicb is 1/16 of the 
value listed by Colder. Monsanto should review this RfD and factor 
the correct value Into planning for Phas. II. Alco^SSl 
should be provided in the RI. uaDie 

1*' Mengenese, chloride, and sulfate were 
eliminated from further consideration even I though these 
constituents frequently exceeded drinking water standards (SMCLs) 

°uld rec°n«ider these constituents during Phase II 
SiSI!?£!?? u® ninifflUTI1' a discussion of the frequency and 
magnitude of such exceedances of SMCLs and how 
human health should be included in the RI. 

they may affect 

10®' paragraph 4. The inhalatio 
particulates from Plant emissions may not necessari 
inadvertent ingestion of off-site eoils without 
determine the incremental exposures from »ach 
increment will be examined in the risk assessment 

<*n of off-site 
ly overwhelm the 
an analysis to 
pathway. This 
process. 

.iJtJJ Jil' Paragraph 3. Ground water could potentially be used 
watering purposes and thus represent a potential biotic 

pathway. This will be evaluated during the risk! 
should be mentioned in the RI report. 

assessment and 

1'* Pages 132 and 133: Percent fractions of *, 
sources are presented, it is difficult to determil 
are TSp fractions of total particulate emissions or 
fractions of estimated TSP emissions. Review of 
identified did not clarify what those values r 
should be clarified in the draft RI. 

SP for several 
ie whether these 
if they are PM10 

, the references 
epresent. This 

ufft* PJfe 13?! Paragraph 4: The technical basis for the factor 

A1'?. *"£^1 4- "ell * £ WiU SXag UUilipillC 
the report- ®*e °'026 lb/ton TSP~| emission "factor 

S represent the loading of cooled, broken slag into 
• loada.rsv This factor dbes not appear 

®eu£5! ^- v.es- ng emissions released whenTmolten slag is 
poured. The technique employed in 1988 appears to more reasonable 
J® 1 incorporates a slag pouring factor directly, and adjusts 
factor to account for pouring outside of the building The 
discussion indicates that modeling using the £*88 SiesioSs 
SISE p°.n tPpr?achJresulted in Predicted concenlirationsTat the 

I * °tt slag duffiPing alone which exceeded the 
aDDroaeh * Monsanto sources and therefore that 2F?25S5 r lnapProPriate. it is not clear how the -observed 

m . Monsanto sources was determined. An emission 
m!?FT??riat& ,for the slag Pouring process should be used in 

in the draft RI analysas' and discussion needs jto be clarified 

10 



Mi.sicn 
one from en ep^ 

factors for fluoride eaia®«« * r*port identif5 
report and another wpublish2d» factor5 ^,"4 — «•* 
(which is used in thLx^iysiJ^u i\K TS* ?ubJishedn factor 
significantly lower than earlier 101*0 •miP8*OIls which ere 

- ms 

Missions test ISSlte'ar.' not^reSaSte Hf* (1990> 

t?cŝ tlhS't̂ SŜ L' 
analysis r.suits in .i&fSStg^ 2LSS^S£&S£ 

/••m (fraction^ f*^z® distributions other than 530 
teghoS? £2te,ted^lw1.^? f" Phosphate e£. treater dul?, 

££ ® SSMT^SSfc® 

§rS^S/iBr-BSSh S swH,™ 
r^cS^a^actor ^"^"lon. fro* tor.,. 

during the winter a«r>ii^»r* ^^1/4 account for snow cover 
some double-counting of reduction®^!*6 fa?^or appears to result in 
contained in^^efio"^^ ̂  S rein ̂  

tSZrFSZf™? aS3USMent fact« *hou« * ir^corporeted into 

resulting MiL ^ 1dispersion modeling failed to j 
f?IU • 081 comPiex (and intermediate) terrain 
SdSno%haM « HCirity of Phase XI and in the RI impacts foartifmii 
modeling tectaiias°. "* evalueted usin» appropriate 

address impacts 
Because the 

•rrain features, 
ply from point 
complex terrain 

third (28.5 %ons/ y e a r ^ T S P C o n ^ e r v ^ - # f f i i ? s i o n s  f r o n  r o a d s  r a n l c  
were not aeaaieddirectly HTU " ..10^ of and fluoride 
Missions are tm S '.is, "^fiT "le •I'Swity of roed 
conservative estimates could be' »JK, il °fe h®ul roads, 

Missiorrates,PSa^SS be £££%&'^Tig^TS^M 

11 



the kiln ventmri scrubbers operate at the same ra 
8 76n furnaoe houfs of operation (7,936 ho 
8,76 0 hours per year. 

te as furnaoe 
urs), rather than 

„paje 154 paragraph 5. An explanation shoul 
aaxmnn fugitive emissions and resultant coi 

conditions ' 4 Vould onl* occur ***** * 

-d be provided as 
•ncentrations from 
eptral (class D) 

Hovnvpn bfh well_ construction at Walls TW-i) through TW-I" 
However, this does not account for the elevated levels ̂ relative i-A 

r*«»rd.d in „.ils in the cn^I tte Eilef 
decreasfncTfr i-h^° *'• Althou9h contaminant levele hava been 

9i this area since the wells were grouted out. the metal 
inorganic compound concentrations are still the hiohest 

in the area of Wells TW-5 and TW-6 (page 59). Se rtSort sfeaS 
that ground water velocity in the LBZ langes frS 
the and'of foJJ wells were grouted out and the source removed at 
JT® *2 *9?6' tbe Pluoe should have moved at least 10 950 feet 

fr°tt <the ,source, The continued presSce of elevated 
betvew toe ror^rLB'z^nd1;82 Bng<3^B, there majj be a connection 

, 1 t-iie UBZ ana LBZ and/or residuals remain! <rv,t. ^ 
considered during Phase II planning and addressed jjn the Ri report. 

MAeeTS1!!-2"8"* In ̂  RI reP°rt' an explanation of the partially canceled parameters should be provided in the legind. partlally 

in * thePRi"report.Tabl6 C'1# Th® units *nould be (ihanged to mg/kg 

31. Appendix K. Since Kerr-KcGee developed a similar w»n 

inventory, it is encouraoed th*t- -vfr®?V a _Blmilar w®u 
that data be sharad"for 

listing and verification of area wells a comprehensive 

32. page 173. Source investigation. 

^Au0reidrte4iT«^r.n^o«i4tin pfi 

&rv!tionBro^ 
pr°vi?e a11 necessary information to c&pl«te thlai£ 

SsnSSl "°--yh /.bS8nt..th* suPP«ting information discusssd iS 
Comment ts. Monsanto should include plans for t£. 

additional source investigations in the Phase Ilw|orkAan 

Si ™~? 173 * Keteor©logical Investigation 
EPA concurs that 1991 meteorological data needs 
supplement the 1990 data and that additional modell to be added to ing needs to be 

12 



following the additional source characterization work. This 
analysis should include a discussion *R to variability and 

ion estimates. 
correlated with 

, ; , y. . uiuuaj. source cnaraeteriza1 

analysis should include a discussion as to how the 
seasonality of the data may affect eaiss 
Constituents of concern in off-site soils should be correlated with 

°r t.iVo5Sr«i«« 
soiS Soi?S 6,1 laVelS of ""^itueSL °* «""»» in 

34. Page 173. Surface Hydrological Investigation 
that additional sampling of Soda CreeJ: 

help determine the extent of the constituents of 
XI investigations must also evaluate the suspecte 
result in elevated constituents in the sediments. 

sediments will 
concern. . Phase 
d pathways that 

MK'I ^73* Geological Investigation 
it may b* true that additional direct geological 

tr g il not r®^ired at this time, the geologic model in 
Si r®Pprt BU«t he refined utilizing data from, the Phase I 
off-sitr^vnest\canrir"MCGeenand-.fr0in data collect5d from Phase II 
orr site investigations. Development of a regianal conceptual 
JitiS this information would be useful as remedial alternatives are developed. tramp-Lao. 

JJ; PaSe 173. Pedological Investigation 
*^te extent of constituent of potential 

interest in off-site soils needs to be further defined and 
Sj^3" Phase 11 investigations should attempt to correlate 
2d cast r^nt constituents of concern vith^tenJLl ^rJn? 
Sm,ff J i !! m source areas. The focus of the activity 
should be in those areas where the greatest [potentials *2-
exposures may exist. Elevated levels of constants iJf soils 
Phase'l S°CR Sr'mSSfi ̂ rtheast 0f the site were detected in the 
elewJtid i ®odellinS data Presented in the SCR also indicate 
elevated levels of constituents are to be expected south of the 
site. Consequently. Koneento nnet {nnin^ a.- vzZr J: . .* 
.. wu oe expect 

f i - f '  c ® n s e g u e n t l y ,  M o n s a n t o  m u s t  i n c l u d e  p l a n s  
soils south and east of the facility in Phase II. 

37. Page 173. Hydrogeological Investigation 
^hat additional assessment of the plume observed in UBZ 

E5S£ Sf .S-, "ai"°nV, ̂ acteritation o^th. rM 

to investigate 

SSoSi^S' "?i and intcr2°ne flo« rto7l""l." Specific Comment #3. be examined per 

wSji.*®™!1. 173' Ecol°gica.l Investigation 
agrees with these recommendations it wi 11 ni en w. 
ld,ntify ana evaluate potential envirSLSital patSUra 

and receptors exposed to constituents of concern in off-site soi£? 

13 
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Soda Springs 

MONSANTO CONFIDENTIAL The information 
herein is current as 
of: June 22, 1988 

Cadmium 

There are no currant federal ambient air atandards for cadmium under 

the Clean Air Act. The Occupational Safety and Health Adaiiniatration 

(OSHA) haB set a permissible exposure limit (PEL) of 100 micrograms of 

cadmium per cubic meter of air (100 M*/»3> t0 prevent kidney and lung 

injury in workers. The American Conference of Governmental Industrial 

Hygienists (ACGIH) have proposed a Threshold Limit Value (TLV) of 10 

micrograms per cubic meter (10 Mg/»3) to protect workers against kidney 

and lung injury and the riak of lung cancer. 

Estimated routine plant emissions csn be used with computer modeling 

to calculate an annual average air concentration of cadmium for the aur-

rounding community aa a whole and for specific geographic locations. 

These cslculations can ba used to estimate a hypothetical annual average 

exposure of the community and a higher maximum annual average 

concentration for soma individuals because of variations in geographic 

and meteorologic patterns. The model does not precisely predict actual 

ground level concentrations because of variability in atmospheric 

conditions. These velues are considered conservative, i.e., it has been 

demonstrated that such predicted air concentrations are higher than 

actual measured values. Also, continuous annual operation is assumed for 

these computer estimates. The emission numbers are thus worst case 

since no plant operation runs continuously over a full year. The 

emission numbers reported annually under Section 313 will not be greater 

CADMIUM 
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Cadmium * Soda Springs 

Page 2 

and likely be Leas. Nevertheless, these calculated ground level 

dispersion concentrations can be useful for planning end evaluation 

purposes. 

Computer modeling provides the following information for assessment 

purposes. The estimated annual average community air concentration 

resulting from plant emissions is 0.0013 micrograms of cadmium per cubic 

meter of air (0.0013 Mg/®3)- *°r • comparison, the TLV proposed 

for workers by ACGIH is 7,700 times higher. Due to geographic and 

meteorologic variations, the higher estimated annual averaga air 

concentration for tome individuals is predicted as 0.05 micrograms per 

cubic meter of air (0.05 pg/m3). The TLV level proposed by ACGIH is 200 

timsB highar. In both instances, the substantial margins of safety over 

and above the occupational exposure level (TLV) proposed by ACGIH leeda 

to a conclusion that routine plant amiesions of cadmium will not produce 

kidney or lung injury in the community. 

In its proposal, ACGIH concluded that persons exposed to cadmium 

below 10 micrograms per cubic meter of air (10 yg/m ) would not be at 

increased risk for lung cancer. Since there are differences in the 

exposure patterns of workers and neighborhood residents, the sir 

concentrations of cadmium estimated by computer modeling can be adjusted 

to allow for these differences. When this is done, the ACGIH proposed 

level (TLV) of worker exposure is over 1,500 times higher then the 

estimated annual average community air concentration and about 40 timai 

CADMIUM 
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higher than the annual average air concentration £o«r the moat exposed 

individuals. 

A aingle long-term inhalation atudy in enimala has shown an 

increased incidence of lung cancer. An epidemiology atudy of workers 

exposed to high cadmium levels also showed a slightly increased level of 

lung cancer. Further research is needed to determine the significance 

to humans of exposures at ouch lower levels which might be present in 

the smhient sir. 

After considering factors such as differences in age, susceptibility, 

possible pre-existing disease and other variables between workers and 

residents, and based upon an evaluation of all of the ecientific evidence, 

the routine emiasiont of cadmium from our plant ara considered safe for 

human health, but that more precise studies of emission rates and possible 

options for reduction sre indicated. 

CADMIUM 
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Sod* Springs 

This information 
herein is current as 
Of: June 22, 1968 

MONSANTO CONFIDENTIAL 
Hvdroeen Fluoride 

There are no current federal smbient air standard* for hydrogen 

fluoride under the Clean Air Act. The Occupational Safety and Health 

Adaiaistration (OSHA) and the American Conference of Governmental 

Industrial Hygianists (ACGIH) have each set 3,000 parts of hydrogen 

fluoride per billion part* of air (3,000 ppb) for protection of workers 

to prevent primary irritation of the skin, eyes, mucous membranes and 

the lungs. It also prevents skeletal changes called fluorosis which 

may be caused by prolonged, excessive exposure to hydrogen fluoride. 

Estimated routine plant emissions ean be used with computer modeling 

to calculate an annual average air concentration of hydrogen fluoride for 

the surrounding community as a whole and for specific geographic 

locations. These calculations can be used to estimate a hypothetical 

annual average exposure of the community and a higher maximum annual 

average concentration for some individuals because of variations in 

geographic and meteorologic patterns. The modal doas not precisely 

predict actual ground level concentrations bacauss of variability in 

atmospheric conditions. These values are considered conservative, i.e., 

it has been demonstrated that auch predicted air concentrations are 

higher than actual measured values. Also, continuous annual operation 

is assumed for these computer estimates. The emission numbers are thus 

worst case since no plant operation runs continuously over a full year. 

The emission numbers reported annually under Section 313 will not he 

HYDROGEN FLUORIDE 
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greater and likely will be leaa. Nevertheless, these calculated ground 

level dispersion concentrations can be useful for planning and evaluation 

purposes. 

Computer modeling provides the following information for assessment 

purposes. The estimated annual average community air concentration 

resulting from plant emissions is 0.072 parts of hydrogen fluoride per 

billion parts of air (0.072 ppb). For a simple comparison, the permitted 

level for exposure of workers is more than 40,000 times higher. Due to 

geographic and meteorologic variations, the higher annual average air 

concentration for some individuals could be 9.1 parts per billion parts 

of air (9.1 ppb). The permitted worker exposure level is over 300 times 

higher. In both instances, the substantial margins of safety over and 

above the permitted occupational exposure level and past human experience 

lead to a conclusion that the routine emissions of hydrogen fluoride will 

not be irritating. 

Since there are differences in the exposure patterns of workers and 

neighborhood residents, the sir concentrations of hydrogen fluoride 

estimated by computer modeling can be adjusted to allow for these dif

ferences. When this is done, the permitted worker exposure is still 8,000 

times higher than the estimated annual average community air concen

tration and over 60 times the a-nual average air concentration for the 

most exposed individuals. 

HYDROGEN FLUORIDE 
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Routine plant emissions also can be compared to the amount of 

oride which could be ingeated by drinking water in compliance with 

Environmental Protection Agency's National Secondary Drinking Water 

alationa. Thia drinking water standard would permit the daily intake 

more tha" 3,300 tinea the amount of fluoride that the community might 

eive from our ambient air emissions and about 25 times the amount the 

her annual average air concentration individuals might receive. Again, 

, margins of safety are sufficient to prevent the occurrence of fluorosis. 

After considering factors such as differences in age, susceptibility, 

ssible pre-existing disease and other variables between workers and 

aidents, and based upon an evaluation of all of the scientific evidence, 

e routine emissions of hydrogen fluoride from our plant are within limits 

fa for human health. 

7DROGEN FLUORIDE 
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DEPARTMENT OF HEALTH AND WELFARE 

DIVISION OF ENVIRONMENT 
Pocatel lo 

22 Mar 76 

MEMO TO: Gordon J .  HofXS< 

FROM :  Jim Perry 

SUBJECT: Soda Creek^tudy and Input from Monsanto Co, 

When I  arrived Friday, there was a message to call  Perry Warner of 
Monsanto Co. about the Soda Creek Report.  Henry said that he had called 
Bob, and the latest word was not to release reports until  we had approval 
from Boise; so, Henry said he would call  Perry to see what he wanted to 
discuss.  He also took the note as a reminder.  

Perry, and Kent Lott  called at  3:30 P.M., and Henry was not in the 
office. He had not called them yet either.  They had the following 
comments on the Soda Creek Study: 

#  (Comments refer to Page 10) 

Average discharge from Monsanto in August was 6038 cubic meters 
per day, maximum was 7986. 

These are values as cubic meters per day, not per second as 
reported. The 8052 value was average for Duly 1975. 

The 8052 cms translates to 3.291 cfs;  the 7986 cms translates to 
3 . 2 6  c f s .  d  d  

If one then uses these values in the calculation, the resultant K 
factor becomes 1.055. 

The table below then becomes: 

Controlled Value Resultant Maximum 

Flow 10,100 M3/day (4.13 cfs) 116.2°F 
Flow 12,100 M3/day (4.95 cfs) 107.6°F 

Temperature -  80°F 13.69 cfs 
Tenperature -  90°F S-35 cfs 

EQUAL OPPORTUNITY EMPLOYER 



Those J* i jos «sssu.-j .. F ;  ncre- j  jc i' •  lers- . r  ,•  tu  . - .oa ^ .  
.7 tr .e s t ream c lassi  f icot ion were no:  crane:  • . ,  •• . " .o or1 • -  i  .ncre 
a l lowed,  the table wouio be as fo i  ic /s :  

Controlled Value Mi-ii:!L- :'axip-

Flow I 'J . IGC n3/oay ^4.13 c fs)  r 'a . '  :F 
Flow 12,100 I - i^ /day (J .05 cfs)  02.  • 

Temperature -  S0, ;F jy ; -  • 'J '  
Temperature -  50°F -1  ̂  

I t  should a lso be s i  re .eo that  th is  i  •. •» or"d:<.L iv . .  - ! .^V '  .  '  
has been used to give us a hjr.dle on the cituutirr. i. «j-. : i:ii u£., m.-ea, r.c< 
oe checked empir ica l ly  oefore we make any f i rm use • '  ;  

I f  fur ther  predict ions need to or  act  . - .un L.ne Tor :u i - ,  r* te ro:  i - .win:  

re lat ions can be used:  

UF = Upstream Flow t  = cooi ing Factor  ( ; .  
UT = Upstream Temperature --F = Oowr.st raa. ' .  'emoerature 

EF = Ef f luent  Flow 
ET = Ef f luent  Temperature 

Ef f luent  Temperature = F { 'JF+EF)(JT) j  -  ( 'JF;(U:_^ 
t  F 

Ef f  1 uer . t  ' ' Iow = uF 1(F)  (1>T) -  'J ' f j  
ET - TFTCuTT 

Henry Moran 



A SURVEY Or WATER QUALITY AND RE NTH IC POPULATIONS Of SODA CREEK 
CARIBOU COUNTY, IDAHO. AS 1MYLUENCED BY TOINT SOURCE ' 

EFFLUENTS 

K*. . ? « d"tn* • watershed in Caribou County, Idaho, it 
ha. a drainage area of about 46 aquare ail., and ,n average di.charge of 
16.8 cf, at 5-aiie Meadow (about five allei north of Soda Spring,) Near 
the aouth. the di.charge i. about 52 cf., with a. auch a. 751 dlriied 
fro- groundwater (Dion. 1969). Hooper Spring, which enter, the crlek at 
River Mile 4, i. highly ainaralised and ha. a very high CO, content 
Mon.anto Indu.trial Cheaic.l. Co-pan, ha. , point U Soda 
h" j, one-ha If mile below Hooper Spring. Thia effluent 1. high in 
pho.phoru., nitrate, and aulphate. The effluent alao ha. a high thermal 

Monsanto ha. reque.t.d that th. te-p.r.ture and flow re.triction. 

NPD88 dlachmr8e  ̂̂ f-1 

(1) The quality of the water in the creek 

ill ^ J®81!?1?1' ®ff<ct th«y ^eir effluent ha. on th. creek 
(3) The low fi.h population in the creek 

This study was undertaken to measure water quality and benthie 
cr"k- " 

Pive stations vara chosen on Soda Creekt 

Station 1 i. above the confluence with Hooper Spring. It 1. located near 
the bridge at the upper edge of Hooper Spring park. 

Station 2 is looted «t th. brldga that provld„ ^ th- .tation 
below Hooper Spring. Thi. is about 0.2 mil., below the spring. 

Station 3 constat, of Monsanto*, effluent to the river, about 0.5 .U. 
below Hooper Spring. 

Sftlon 4 i. loc.t.d .bout 0.1 .11. b.lo. Hd-ntV. cdfldnc. with th. 
creek. 

Station 5 is located Juat up.trw. fro- the bridge where U.S. Highway 30 North 

MiuTo! Cr"k' °U"ida °f ̂  sPr*n8». Thi. i. .bout River 



-2-

ter  8aoples We 

f-,M. 

l£»: atrea,a "Scions' *n ̂  * 

LQaa li . 

,-Ue, _ 

*-«? ̂"Z"di?"^lzzzzr"'rzzz:°di 
" « u r  ln .1;vecrh<°;« •>«•»«.,. \rn,><h«« „„?• 

? """"« are a ,  £„?.polnc "Ource but [°"^k- 7h<-' 

,W'U« to the ouciTil nlt"'« X. a,,. 

- - — S««r 
^-°£_Soda creak "ibrla of tfa r"" t i  M«„ 
^^-°£_Soda Cr..i, fU of these 
^TTinST^^- M°n«nto Coapenv 

- - -ek^; ;•• r^z:z-!s'p'Z:^o -
elow the .£f, C to 1.0® r K ?lrectly 

itjon^ 'fluent ln the , f beIow the 
lrrI«««»n =.«!. 

;-̂ .odCtVdC s<*"- X, 2 
"ter- Thlt u „CU° "°r" °"e r«inbov c, 

df the f.ct £. "« . conciueive '"""'j'. ralnbou 

^«d fi.h popular j^" U M l»r.h envir "ti.ec, "0 «» 

^ P"t of th.n-creA.7«"Xx. atf.^' •t'.-.V: 

^^HHUtio^ ' ' 

* •""'tun, u„. 

' the Upper f!'X',ert,n'«d at Sf 

* -on* •" *««";ZaZrrz-' 
" 4 X" tebuler "'••"Ity 

• The* -I*. 
Th': «'iv.r.Uy 
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1 .  

2 .  

There Is an ecoayateo comprised of "OP-K 
Monaanto outfall in Soda Creek The er'V!"3'16 llfe" below the 

water quality or .„y other con.'lder.tu" "" b*r""" «"• to 

The only demonstrable effect, of the Mon..nco ontf.ll v.re, 

(1) A minor increaae in nitrate 

<» Vb~;;cb«Yr - —-
directly below the effluent. centigrade or leas 



Appendix 1. H..» V.lu.. ot Che.lc.1 Per—cr. fro- Sod. Creek 
Quarterly Samples. 

Pa rametnr 

Aaii'.<onla 

Nitrite 

Nitrate 
Total K.leldahl 

Nitrogen 

Ortho-Phosphate 

Total InorRaulc 

Phosphorus 

Total Phosphorus 

Total Hardness 

Total Alkalinity 

Sulphate 

Conductivity 

Fluoride 

Chloride 

Iron 

Manganese 

* Sodium 

Potassium 

Copper 

Lead 

Selenlum 

7. lnc 

SC-1 
Above 

Hooper Spring 

0.7b 

0.004 

0 .88 

1.30 

0.22 

0.62 

23770 

481.J 

29.0 

760.0 

0.40 

2 . 0  
0.28 

72.5 

19.3 

7 .7 
0.001 
0 .003 

< 0.001 
0.027 

SC-2 

Between Hooper 

and Monsanto 

0 .88  
0.006 
1.33 

1.60 
0.13 

O' 

0.68 
0.24 

490.5 
4P7 , s~ 

37.5 

857.5 
0.34 

2.5 

__0.68___ 
80^0 
19.2 

8.1 
/ 0.001 
^ 0.001 
/ 0.001 
0.005 

SC-4 

Below 

Monsanto 

0.77 

0.007 

1.8d 

1.50 

0.07 

)-
0.35 

0.13 

442.0 

442.5 

32.1 

732.5 
0.23 

2.0 
0.88_ 
67.5 

18.3 

7.6 
0.001 

< 0.001 
< 0.001 
0.014 

SC-5 SC-3 

At Soda Monsanto 

SprlnRs Effluent 

0.84 0.19 

0.007 0.015 

2.13 10.4 

2.25 1.92 

0.29 11.4 .. 

0.63 17.y 

0.22 5.9 

495.5 456.0 

481.0 350.0 _ 

41.9 87.6 

822.5 892.5 

0.34 1.18 

2.0 2.25 

0.60 Q-Q7 

87.5 27.5 

20.5 40.7 

8.2 12.0 

0.001 0.003 

0.001 /• 0.001 

0.001 0.016 

0.005 0.360 
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Appendlx 2 .  Monsanto Temperature Reading# from S o d a  C r e e k .  M m e u r e ' d  

in January. 

Temperature, °C Sampling Site 

2.8 Above outfall. 

2.9 Average of aix readings acroaa 

headgates of the east and west 

canal belov outfall. 

3.2 Average of readings on east and 

west canal, 150 yards below 

out fa 11. 

3.2 At convergence point. 

4.0 At next culvert (approxiniately 

1/4 mile). 

4.0 At next culvert (approximately 

1/4 mile). 

2 . 9  Into Reservoir. 



c«/C. frs«k and the Momanco Oultall, on Appendix 3. Temperature, of Soda creak ana 
J une 13, 1975. 

Station I- Above Hooper Spring 

Stream 4 meter, uld«, temperature U° C on each edge end et 
each one meter interval acroas the stream. 

Station 2. Between Hooper and Honsanto 

Stream 4 meter, vide, t.mper.ture 11° C on e.eh «dg. «nd .t 

each one meter interval acrosa the stream. 

Station 3. Monsanto Lffluent: 23—C^_ 

Soda creek nt the Monsanto Effluent 

.cream 11 meter, vide, efflu.nt enter, a.uth bank. Me.aurement. 

frou North to South at one meter interval.. 

12. j 

North; 1 

•UinW m 

-4,. irriaation diveraion leavea the aouth 

The Dam i. 14 meters wide. The irrigation di che 
edge of the dam. Meaaurementa are at one meter interv 

face of the dam. 

11.j 12.U 12,0 12.01 12.0 12.0 12.5 12.5 12.5 13.0 

10 

13.0 

11 
m 

13.0 

12 
m 

13.5 

13 
ID 

14.0 

South 
Bank 

14.0 

Stream ia five meter, vide. Tomperature 12.5 C on each bank 

uieCer acroaa the stream. 

soda 150 Meter. E«lov the Outfall 

^9 (\® n An each tvank. und 
Stru.m 1. eight =.t. r .  v i d e .  T . m p . r . c r .  1 .  U . O  C o n r . c  

each meter across the stream. 

Sev-n meters wide, uniform 13 c. 
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Appendlx 3- (Continued) 

T rr la* t Ion C*n*l About ISO Meters Below the Outfall 

Six meter« wide, uniform 13 C. 

Sod. r,..k .t tb. coofludoc. of th. IrrHutlon Cn.1 .nd tb. Cr..k, 

Three readings: 13 C Average 

Soda Creek at the Next Culvert 

Three Readings: 12° C Average 

SQMJ Creek at the Next Culvert 

Three readings: 12.5 C Average 

Station 5t Soda Creek at Highway 91 Bridge 

Five Readings: 12.0° C Average 

Appendix 4. Benthlc Species Diversity 

Station April June September December Mean 

1 
2 
3 
4 

1.945 
0.712 
1.758 

N/A 

0.293 
0.926 
1.210 

N/A 

0.645 
0.994 
1.024 

N/A 

1.246 
1.210 
1.084 
N/A 

1.032 
0.961 
1.269 
N/A 



.vtf comaenda c ions: 

Four points ware raised by Honitnco in their request f o r  a permit 
modification. This atudy attempted to tlnd answer, to those points and 
these reco emendations present those findings: 

1. What should be the boundaries of an equitable mixing zone for the 
Monsanto outfall in Soda Creek? 

2. Can stream classification be changed to Class K? 

3. Is 90° P too hoc for an effluent to Soda Creek7 

A. Can flow be eliminated aa a parameter limitation from the Monsanto 
Permit? 

The mixing r.onc should be defined as follows: 

The full width of the stream, from surface to Bcream bottom, 
and extending from a point one meter above the Monsanto 

effluent, exactly to a point of the irrigation dam below 

the effluent, approximately ten meters downstream. If this 

recommendation is enacted, this distance should be measured 

and the exact distance specified in a NPDES Permit revision. 

We feel that it is reasonable to reclassify Soda Creek aa a Class E 
stream. The uses to be protected would be: 

Domestic Water Supply 

Industrial Water Supply 
Irrigation 

Livestock Watering 

Other Fishing and Aquatic Life 
Hunting and Wildlife 
Aesthetics 

In accord with the E Classification, temperature Increase of 2° p 

from that one source (Monsanto) would be allowed. This is in contraet 
to the 0.3 P increase allowed in a Claas A2 stream. 

It should also be specified that the industry will measure stresm 

temperature above and below their mixing tone. The temperature shall 

be measured with a maximum-minimum recording thermometer, which ahall 

be checked and re-set daily. The temperature shall be measured on a 
peru-anent installation within two meters of the upper snd lower 

boundaries of the mixing tons. Temperatures will he measured at the 

center of the stream. There will be no mors than 2° P difference 

between the two temperature measurements on any given day. Temperature 

measuring device must bs installed within thirty days from the effective 

r -f! uthi* PeCaiC Ch*nge- The in»t«ll«Cion will be approved by personnel from 
r Idaho Department of Health and Welfare, Division of Environment, and/or 

I aa ho Operation. Office of the U.S. Environmental Protection Agency. Weekly 

averages of the temperature readings will be reported on the Discharge 

Monitoring Reports submitted quarterly to the EPA and the Srste. 
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Using data from the moat extreme condiclooa (Auguac), we have 

calculated the approximate cooling that la taking place within that 

dealgnated mixing zone. These calculation! are presented in Appendix 4. 

Uaing this in forma ticm, we have estimated the allowable tempera Cure-flow 

combinations that would not exceed this 2° F increase. Any combination 

of temperature and flow between these extremes would be acceptable. 

If Flow la: 

10,100 H3/Day (41.28 cfa) 

12,100 M3/Day (49.46 cfa) 

Temperature Maximum Should Be; 

83.7° F 

81.8° F 

If Temperature I 

90° F 

Flow Should Be Restricted To: 

(26.83 cfa) 6564 M3/Day 
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Appendlx . 

In August, when the creek would be expected to be at extreme condition*. 

Soda Creek temperature* were as follow*: 

Above Monsanto 

Monsanto Effluent 

delow Proposed Mixing Zone 

15° 0 59° F 
24° C 75.3° F 
14° c 57.1° F 

Kiowa in Soda Creek at Five-mile Meadow average 23 cfs and have minima 

as low au 12 cfs. Hooper Spring, as well as several other springs, enter 

Soda Creek above the Monsanto outfall. Dion (1969), reported flows of 

Soda Creek at'the mouth as 52 cfs. Therefore, an estimated flow of 40 cfs 

in August was used in the following calculations: 

The average discharge from the Monsanto plant in August, 1975, was 

8052 cubic meters per second (32.91 cfs). This information allows the 

calculation of a factor which relates the cooling caking place in the 

mixing zone. This calculation is as follows: 

Upstream + Effluent • (Factor) /(Resultant Flow) (Resul tant Temp.)_/ 

(40 els) (59° F) + (32.91 cl*)(75.3° F) - K /J40 + 32.91)(57.i° Y)J 

The Resultant Factor is 1.162. 

This cooling factor allows a calculation for maximum temperature of a 

given quantity of discharge or aaximura discharge for a given temperature. te 

a test of the calculatlonT The data for a sample taken in June were entered 

into the formula and an attempt made to predict downstream^temperature if the 

remaining values were known. The predicted value was 53*9 P and the observed 

value was 54.3° F. Tha 0.5° F represents the limits of the test. The 

following table illustrates limits for the Monsanto effluent: 

Controlled Value Keaultant Maximum 

Flow - 10,100 /Day (41.28 cfs) 83.7° F 

Flow - 12,100 M /Day (49.46 cfs) 81.8° F 

Temperature - 80° F 60.55 cfs 

Temperature - 90 F 26.83 cfs 

Temperature - 81.8° F 49.38 cfs 

The conclusions reached by thc»« calculations are: 

M m n a n i o  will p i o b a b l y  n o t  violate proposed w ^ t u r  q u a  1 1 1  1 1  u i l  C  a with 

the present limits on their permit; i.e., 10,100 M /Day and dU F. 



They probably do now (and did on June 18, 1975) violate present 

water quality limits; i.e., they increase the temperature more than 

0.3° F outside their mixing zone boundaries. 

If the stream ia re-claaaified to Class E, allowing a tcaiperature 

increase of 2° F at any tiue from a Bingle source, an equitaule solution 

will be possible. This will allow a temperature-t1ow limit to be placed 

on the effluent in whatever combination Monsanto feels moat comfortable 

with (as in above table). 



United Slaics 
Environmental Proieciion 
Agency 

Region 10 
1200 Sunn Avenue 
Seattle WA98101 

Alaska 
toano 
Oregon 
Washington 

&EPA 
Reply To 
Attn Of: AT-0S3 

Richard Mahoriey 
Chief Executive Officer 
Monsanto Company 
Detergents & Phosphates Division 
P.O. Box 816 
Soda Springs, Idaho 83276 

SEP 2 6 19s i 

NOTICE OF CASE n/VSTIPF 

( O i -  \ci\ 

Dear Mr. Mahoney: 

This concerns the June 18-19, 1991, Environmental Protection 
Agency (EPA) inspection performed by Gary R. McRae at Monsanto 
Company's Detergents and Phosphates Division, Soda Springs Plant, 
Soda Springs, Idaho. The inspection was carried out to determine 
compliance with the PCB (polychlorinated biphenyl) Regulations 
adopted by EPA pursuant to the Toxic Substances Control Act 
(TSCA) . 

We have now completed a review of Mr. McRae's report on this 
inspection and are pleased to inform you that no apparent 
violations of the PCB Regulations were documented. 

If you have any questions regarding the inspection or the 
PCB Regulations, please contact Eileen Hayes-Hileman, EPA 
Region 10, Pesticides and Toxic Substances Section, Mail Stop AT-
083, 1200 Sixth Avenue, Seattle, Washington 98101; telephone 
(206) 553-2584. 

Sincerely, 

Gil Haselberger,^ Chief 
Toxic Substances Section 

cc : "^oi 

bcc: 
onald R. Wind, Environmental Specialist, Monsanto Company 

List i 
R. L. Geddes 
D. P. Beauregard 
J. P. Hyland - G4WT 
P. H. Smith - E2NK 
V. T. Matteuccl - G5NR 
G. W. Mappes - A2NE 
Env. Contact File No. 857 
(File: PCB's) 

FYI, 

D. R. Wind 
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MONSANTO COMPANY 
P.O. BOX 816. HWY 34 NORTH, SODA SPRINGS, IDAHO 83276 
(208) 547-3391 

****FAX COYER SHEET"**** 

FAX TEL.# (208) 547-3312 

THERE ARE * PAGE(S) PLUS COVER SHEET DATE 1/z{//*i/ 

TO: FAX TEL.# M - 28/- /ft* 

FROM: ORIGINATOR'S NAME 3. 

MESSAGE: 3>'// - /'•* *+*/ i%*\ 

Z)r- 4 ^  

__ •  

NOTE: IF QUALITY OF MESSAGE IS POOR, OR IF RECEIVED INCOMPLETE,PLEASE 
CALL 0RI6INAT0R. 
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PCB AND TRANSFORMER HISTORY AT THE SODA SPRINGS PLANT 

Because of the nature of the operation at Monsanto'a soda Springs 
plant and the high process demand for electricity, transformers and 
other electrical equipment containing insulating fluids have been 
used extensivelyv - A complete ..file dating ba"v 19*73 ^ 
maintained at the facility. This file includes"a "history of 
service, inspections, fluid characteristics, and the retirement of 
fluids and transformers. 

55£fr£H ?!^4Pf°gre8Bed ove? th® last several years to become PCB 
free by initiating a comprehensive sampling program and replacing 
contaminated equipment. As transformer fluids were found to 

}4wmln of PCB • s, accepted methods of treatment or 
W?re contracted t0 reputable companies who 

specialise in PCB/transformer management. 

As part of the plants oil Spill Prevention, Control and 

Countermeasure PlenjSPCC) an addendum has been included to co5Sr 
the storage faciiity*-for poly chlorinated bipheayls (FCBs'i and pcb 
items identified for, disposal.,. A'specific, secured location*!)?*??? 
the plant boundary ,hds" been assigned?' for temporary storage for PCB 
items until proper disposal arrangements can be Side! In 

inspection interval has also been designated to ensure that these 
materials are not leaking and that timely disposal ia aScSSlisKed 
A copy of Addendum A to the SPCC plan is attached. P 

J199,1' Mr* Gary - McRae, EPA Environmental 
Specialist, from the Region 10 Boise office, completed a PCB 
inspection at the facility. All records from tie past five years 
were inspected and found to be in order. A final 
expected to be issued no later than December, 1991. r®Port i» 

part of the ri/fs Workplan a complete review of the pcb 
will be completed and summarized. The information reviewed vil1 be 
compared to the historical information available, relating to PCB • 2 
and electrical equipment used at the site. Information 

designed to identify any inorganic compounds (see section \ 
Based upon what is learned by combining and comparing these two 
exercises, decisions can be made regarding the need a_ 
additional affort to dafin. thi. potantial pothwa?. "y 
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ADDENDUM A 

_ OIL SPILL PREVENTION. CONTROL AND COUNTERMEASURE PLAN 

STORAGE FACILITY FOR- POLY CHLORINATED BI PHENYLS- (PCBsV and — -

PCB ITEMS DESIGNATED FOR DISPOSAL 

A. PCB STORAGE FACILITY 

1. Location: 

The facility Is located in the northwest corner of the Ore Building on 
the ground floor, 1n a room formerly known as the XEG room. 

2. Description. 

The facility 1s constructed of cinder block with a concrete floor and 
B Inch continuous concrete curbing. The 24 by 18 foot facility provides 
storage capacity for up to fifty 55-gallon barrels of PCB material. 

B. STORAGE REQUIREMENTS 
•  • »  • .  «  .  

1,. Any container used for the storage uf liquid PCBs shall comply with the 
shipping container specification of the Department of Transportation 
(DOT), 49 CFR 178.80 (Specification 5B, Without Removable Head), 178.102 
[Specification 6D, Overpack with Specification 2S (178.35) or 2SL 
(178.35a) Polyethylene Containers)] or 178.116 (Specification 17E, 
Container). 

2. Any container used for the storage of non-1 iquld PCBs shall comply with 
the specifications of 49 CFR 178.80 (Specification 5, Container), 178.82 
(Specification 5B, Container), or 178.115 (Specification 17C, Container) 

3. PCB articles and PCB containers shall show on the article or container 
the date they are placed 1n storage. Furthermore, a record shall be 
kept of any batch of PCBs removed from the container, Including date, 
quantity, and disposition, 

4. Temporary storage (storage outside of the approved facility for a 
maximum of 30 days) of liquid exceeding 500 parts per million (ppm) PCBs 
is prohibited. Each contalner'or article in the temporary storage must 
bear a notation that indicates that the liquids in the drum do not 
exceed 500 ppm PCB. 

5. No item of movable equipment that 1s used for handling PCBs and the P< 
Items in storage facilities and that comes 1n direct contact with PCB^ 
shall be removed from the storage facility area unless it has been 
decontaminated as specified in Annex IV. of 40 CFR, Part 761.79. 
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C. SPILL PREVENTION 

All PC8 containers and articles shall be checked for leaks at Intervals of.not 
more than 30 days. ^ ^ 

0. CORRECTIVE ACTION IN THE EVENT OF PCB LEAKAGE 

1. Transfer leaking containers and articles, and their contents, to properly 
marked non-leaking containers (as per the above mentioned DOT specifica
tions). 

2. Use sorbents to clean up any spilled or leaked material inmedlately. 
This material is located in a small storage room next to the PCB storage 
facility. 

3. Dispose of all PCB contaminated material in an approved manner or return 
1t to storage, 

E. SECURITY 

1. The facility is located within the fenced plant site and the entrance 
gate has a guard. 

.. 2, Entry to the storage facility will be restricted• to authorized personnel. 

F DESIGNATED PERSON IN CHARGE OF PCB STORAGE/DISPOSAL AND RECORD KEEPING AT 
* THIS PLANi"" 

D. R. Wind, Senior Environmental Engineer 

G. MANAGEMENT APPROVAL 

This addendum will be implemented as herein described. 

H. CERTIFICATION 

I hereby certify that I examined the facility and, being familiar with the 
provisions of 40 CFR, Part 112 and 40 CFR, Part 761, attest that this 
addendum has been prepared 1n accordance with good engineering practices. 

P. C. towalHs. P.L. 
Idaho Certificate 4363 
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Monsanto 
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OCATION —PHONE) 

DAT! 

BL/IJICT 

ACFCneNCK 

TO 

•R.L. Qeddes 3e>da Springs Ext. 234 

March 20, 1992 

Raw Material Analysis 

RI Report 

: Cindy Yates, Golder Associates 

The following is analytical information on the raw materials used 
in the Monsanto - Soda Springs process. 

if you need of more information, let me know. 

Port-IP brand fax transmittal ^ 

FSX# ~ 
Phon# » 

l'"' V' -33/ a-
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Chen-Northern. Inc. 

j/t* CaMPtS/TC 
t>€u*e&gp Surigr^Ttn. Cfl/c?ANALYSIS 

CHEMICAL CONSTITUENTS 
MONSANTO, INC. 

April 10, 1989 
Job No. 79-920-1 
Sheet 4 of 11 

TEST RESULTS: 

Lab No.: 
Sample Description: 
Date Sampled: 
Collected by: 

95190 
3A 

None Given 
Monsanto 

96191 
3B 

None Given 
Monsanto 

96192 
3C 

None Given 
Monsanto 

Total Metals, mq/ko 
Antimony as Sb 
Arsenic as As 
Barium as Ba 
Beryllium as Be 
Cadmium as Cd 
Chromium as Cr 
Cobalt as Co 
Copper as Cu 
Iron as Fe 
Lead as Pb 
Manganese as Mn 
Mercury as Hg 
Molybdenum as Mo 
Nickel as Ni 
Selenium as Se 
Silver as Ag 
Vanadium as V 
Zinc as Zn 
Calcium as Ca 
Magnesium as Mg 
Sodium as Na 
Potassium as K 

Fluoride as F, mg/kg 

Total Phosphorus 
as P, mg/kg 

Thorium as Th 
j5u/j"UW$ 

Thkli'ltLIYL xb TJ 
IWJ/Kjj 

40 
< 2  
<60 
<3 
<3 
10 
<30 
60 

4130 
<10 
<10 

< 0 . 2  
<30 
<10 
6.5 

<10 
<130 

10 
3200 
<600 
3200 
<220 

8.8 

1100 

45G r los 

<loO 

30 <30 
<2 <3 
<50 <60 
<2 <3 
<2 <3 
10 10 
20 <30 
60 67 

4400 4470 
<9 10 
<9 <10 
<0.2 <0.2 

<20 <30 
9 10 
<2 4 
<9 <10 
<90 <100 
<9 <10 

2800 2800 
<500 <600 
1900 1700 
<240 <280 

5.1 4.3 

660 490 

10$*^ 3A.I 

<$D <kO 

Date — 
Analyzed * 

3/29/89 
4/05/89 
3/29/89 
3/29/89 
3/29/89 
3/29/89 
3/29/89 
3/29/89 
3/29/89 
3/29/89 
3/29/89 
3/23/89 
3/29/89 
3/29/89 
3/31/89 
3/29/89 
3/29/89 
3/29/89 
4/03/89 
4/03/89 
4/03/89 
4/04/89 

.cooo 3 

.06961 
. &OOQO 6> 
. aoooa 
. 9 o V2 

,  a 0 9 C t  
. : soco'U 

. co el 
, 00 00/ 

.00 *3 

3/28/89 . 

4/04/89 . secy 

V i t  

4/14/fll -OOCO 

.U/ ft hV\ AS. St , it hr\ i. /Lr> .iL.il dA 
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Client Name: 
Job Number: 
Project Name: 

MONSANTO, INC. 
79-920 
Soda Springs Plant Process Streams 

March 7, 1991 
Sheet 4 of 10 

Laboratory No.: 
Sample Name: 

Sample Date: 
Collected by: 
Time Sampled: 

112455 
3A Enoch Valley 
Ore: 7/90 to 

9/90 
02/18/91 

Donald R. Wind 
0945 

112462 
38 Enoch Valley 
Ore: 7/90 to 

9/90 
02/18/91 

Donald R. Wind 
0945 

112469 
3C Enoch Valley 
Ore: 7/90 to 

9/90 
02/18/91 

Donald R. Wind 
0945 

All in mo/ko 

INORGANICS 

Fluoride 
Total Phosphorous 

METALS 

Aluminum Total 
Antimony Total 
Arsenic Total 
Barium Total 
Beryllium Total 
Cadmium Total 
Calcium Total 
Chromium Total 
Cobalt Total 
Copper Total 
Iron Total 
Lead Total 
Magnesium Total 
Manganese Total 
Mercury Total 
Molybdenum Total 
Nickel Total 
Potassium Total 
Selenium Total 
Silicon Total 
Silver Total 
Sodium Total 
Thai!ium Total 
Thorium Total 
Vanadium Total 
Z1nc Total 

17,700 
40G,000 

11,000 
<49 
12 

120 
49 
140 

290,000 
870 
<24 
110 

8600 
<24 

1500 
86 
0.4 
<24 
61 

3910 
7.3 

110,000 
15 

3200 
<6 

1200 
750 

16,500 
•SO,000 

13,000 
<49 
10 
94 
45 
140 

260,000 
910 
<24 
120 

8000 
<24 
1400 
82 
0.4 
<24 
71 

3900 
<1.4 

49,000 
14 

3700 
<6 
* 

1200 
800 

15,100 
-60 i DCS 

11,000 
<46 
12 
93 
44 
130 

290,000 
760 
<23 
100 

8200 
<23 

1400 
93 
0.5 
<23 
58 

3700 
<1.4 

87,000 
14 

3600 
<6 
* 

, O O f i O f  

ooect 
.  DOS  I 
.  6 9 0 0 5  
, Clio I 

.OOO-

oooo. 
.COO! 

. 09O& 

. 0© I H 

. £>000-

.OOCOi 

.COODO 

. 0 ^ / 

1200 
680 .5007 

* To be reported upon completion 
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MONSANTO COMPANY 
SODA SPRINGS, IDAHO 

SILICA SAND - XRF POWDER ANALYSIS 

AS - IS 

Si02 99.27% 
Fe203 0.073 
AI203 0.370 
P205 <0.050 
S <0.050 
Ci <0.020 
No20 <0.050 
MgO 0.100 
K20 0.070 
CaO 0.020 
T102 <0.010 
MnO <0.010 
BaO <0.010 
V 13 
Or 27 
Ni <10 
Cu <10 
Zn <10 
As <20 
Sn <50 
Pb <10 
Mo <10 
Sr <10 
U <10 
Th <10 
Nb <10 
Zr 35 
Rb <10 
Y <10 

PPm 

UPGRADED 

99.74% 
<0.010 

0.090 
<0.050 
<0.050 
<0.020 
<0.050 
<0.050 

0.030 
<0.010 
<0.010 
<0.010 
<0.010 

<10 ppm 
24 

<10 
<10 
<10 
<20 
<50 
<10 
<10 
<10 
<10 
<10 
<10 
29 

<10 
<10 



Golder Associates Inc. 

4104-I48th Avenue. NE ¥ 
Redmond. WA 9S052 a VlUilILl 
Telephone (206) 883-0777 A 
Fox (206) 882-5498 

November 23, 1994 
Ourref: 913-1101.607 

U.S. EPA Region X 
1200 Sixth Avenue 
Seattle, WA 98101 

A'l TENTION: Mr. T. BrincefieM 

RE: CORRECTION FACTOR FOR GEIGER-MUELLER MEASUREMENTS 

Dear Mr. Brincefield: 

correct gamma radiation me,sure™n* 

a""should -—to t °s;„g 

PIG = a + b Mjj 

where a - cosmic exposure rate 
b = 0.5 

M19 = meter reading 

Nct^MB^ 17 Corp°ra,i0n communication 

OFFICES IN AUSTRALIA. CANADA. GERMANY. HUNGARY. ITALY. SWEDEN. UNITED KINGDOM. UNITED STATES 
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If you have any questions, please contact Bill Wright at Montgomery Watson or myself. 

• uavia Danton 
Associate 

DB/ca 

cc: R. Geddes, Monsanto 
D. Wilson, Monsanto 
W. Wright, Montgomery Watson 
J. Alvarez, IT 
A. Hafferty, E&E 
G. Brown, IDEQ 

Sincerely, 

GOLDER ASSOCIATES INC. 

Golder Associates 



4104-148th Avenue, NE 
Redmond, WA 98052 

• Telephone (206) 883-0777 
Fax (206) 882-5498 

Golder Associates Inc. 

MaW Golder 
/•Associates 

February 23,1994 Ourref: 913-1101.604 

United States Environmental Protection Agency 
Region X 
1200 Sixth Avenue, HW-113 
Seattle, Washington 98101 

A l l hNTION: Mr. Tim Brincefield 

RE: REGRESSION OF SOLUBLE FLUORIDE VERSUS TOTAL FLUORIDE 
IN OFFSITE SOILS AT MONSANTO 

Dear Tim: 

Attached are several tables and a figure that show the results of a linear regression 
analysis conducted by Golder Associates Inc for soluble and total fluoride analyses from 
selected offsite soils near the Monsanto Plant in Soda Springs, Idaho. 

Table 1 provides the analytical results together with the logg transformation. The data 
were transformed to allow the use of linear regression for data that appeared to be 
described by a nonlinear relationship (data not shown) and to ensure variance 
homogeneity. Table 2 shows results of the linear regression analysis. This analysis shows 
an i2=0.609. The analysis of variance (Table 2) shows this is a significant regression and 
the regression coefficients are significantly different than zero (p<0.005). Figure 1 shows 
the relationship between the measured total fluoride and the predicted total fluoride 
using the linear regression equation developed in this analysis: 

Based on this analysis, we feel that the soluble fluoride data are adequate to predict total 
fluoride concentrations in the offsite soils surrounding the Monsanto Soda Springs Plant 
The predicted total fluoride data would be suitable for use in a risk assessment if this is 
necessary. 

logg (Total Fluoride) = 5.440 + 0.8672 logg (Soluble Fluoride) 

OFFICES IN AUSTRALIA, CANADA. GERMANY. HUNGARY, ITALY, SWEDEN, UNITED KINGDOM, UNITED STATES 
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If you have any questions about this analysis please give us a call. 

Sincerely, 

GOLDER ASSOCIATES INC. 

Associate 

CH\DB\ln 

Attachment 

cc: R. Geddes, Monsanto 
D. Wilson, Monsanto 
J. Eldridge, SAIC 
Project Files 

Golder Associates 
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TABLE 1 

COMPARISON OF SOLUBLE AND TOTAL FLUORIDE ANALYSES 

Sample Soluble Fluoride loge (Sol F) Total Fluoride loge (Tot 
mg/kg mg/kg 
Back-1 3.9 1561 286 5.656 

Back-2 1.5 0.405 518 6.250 
Back-3 5.7 1.740 832 6.724 
MS2-11 17.6 2.868 1,470 7.293 

MS2-13 9.9 2.293 662 6.495 
MS2-7 100.0 4.605 5,400 8.594 
S-01 12.6 2.534 4,740 8.464 
S-09 15.5 2.74J 14,700 9.596 
S-13 85.9 4.453 16,800 9.729 

S-13d 87.0 4.466 12500 9.417 

TABLE 2 

REGRESSION STATISTICS FOR LOGe TRANSFORMATION 

Multiple R 0.807794 

R Square 0.652532 

Adjusted R Square 0.609098 
Standard Error 0.949225 
Observations 10 

Analysis of Variance 

df Sum of Squares Mean Square F Significance F 

Regression 1 13.53675088 135367509 15.02367 0.00470103 
Residual 8 7.20822394 0.90102799 
Total 9 20.74497483 

Coefficients Standard Error l Statistic P-value Lower95% Upper95% 

Intercept 5.440081 0.68387348 7.95480683 2.32E-05 3.86306534 7.017098 
xl 0.867152 0.223721093 3.87603845 0.003754 0.35124946 1.383054 

Golder Associates 
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MEMORANDUM 

TO: Monsanto Soda Springs Plant Phase I RI File November 12,1991 

FR: Bill Wright 

RE: DOCUMENTATION OF ECOLOGICAL DATA COMPILATION, PHASE I RI 

ACTIVITY 6a (913-1101.206) 

During the week of November 4,1991, Bob Geddes and I visited several local, regional, and 
state officials to compile a wide variety of available ecological data pertinent to the So a 
Springs Plant RI/FS. The following agency representatives were interviewed: 

Monday. November 4: 

. Clayton Schmitt — City Administrator, City of Soda Springs 
Kirk Hansen — Mayor, City of Soda Springs 

• Robert Anderson — Commissioner, Caribou County 

Tuesday. November 5: 

Ray Nelson - Chairman, Caribou County Planning and Zoning Commission 
Bob Kukachka — Soil Survey Project Leader, U.S. Department of Agriculture, 

Soil Conservation Service 
• Thomas Hepworth — Environmental Health Specialist, Southeastern Idaho 

District Health Department . ,j c 

• Tony Varilone — District Ranger, Caribou National Forest, Soda Springs Ranger 

CariAnderson - Regional Wildlife Biologist, Idaho Department of Fish and 

JLmMende - Regional Fishery Biologist, Idaho Department of Fish and Game 
• Wallace Evans — Area Manager, U.S. Department of the Interior, Bureau of 

Land Management, Idaho Falls District, Pocatello Resource Area 
Jeff Cundick — Mining Engineer, U.S. Department of the Interior, Bureau of 
Land Management, Idaho Falls District, Pocatello Resource Area 

Wednesday. November 6: 

• Dennis Dunn — Senior Water Resource Agent, Idaho Department of Water 
Resources, Idaho Falls Regional Office 

• Boyd Roberts — Superfund Project Coordinator, Idaho Department of Health 
and Welfare, Division of Environmental Quality, Pocatello Regional Office 

Thursday. November 7: 

Water Well File - Idaho Department of Water Resources, Headquarters 
Joe Nagel — Director, Idaho Department of Health and Welfare, Division of 
Environmental Quality, Headquarters 



November 12.1991 2 913-1101.206 

Lance Nielsen - Remedial Activities Section Manager, Idaho Department of 
Health and Welfare, Division of Environmental Quality, Headquarters 
Chuck Lobdell - Field Supervisor, U.S. Department of the Interior, Fish and 
Wildlife Service, Idaho Field Office 
Robert Parenti, Ph.D. — Botanist/Ecologist and Tri-State Plant Program 
Manager, U.S. Department of the Interior, Fish and Wildlife Service, Idaho Field 

Office 

The results of each interview conducted is provided in a separate attachment to this 
memorandum. No one was interviewed at the Boise office of the Idaho Department of 
Water Resources; we merely conducted a file search. The officials of the Division of 
Environmental Quality were also not interviewed; the visits in these cases were merely 

courtesy calls. 

Attachments 



Person Interviewed: 
Position: 
Affiliation: 
Date: 
Interview Summary: 

Clayton Schmitt 
City Administrator 
City of Soda Springs, Idaho 
November 4, 1991 

Mr Schmitt presented us with a copy of the city's zoning ordinance (Title 17), 
he indicated that the Caribou County, Grace, and Soda Springs Comprehensive 
Land Use and Water Quality Plan, dated 1977, is still in effect (see the 
accompanying photograph for zoning updates within the city). 

Over the past 10 yr, the city's population has declined by approximately 1,000 
(the 1980 census was - 4,100; the 1990 census - 3,100); Mr. Schmitt sees a stable 
city population, with no significant growth, for the foreseeable future; all 
industries in the city are currently operating at capacity. 

Approximately 60% of the industrial employees in the area live outside of the 
city; existing subdivisions within the city contain approximately 200 easily 
developable lots (i.e., water and power are already available), and there are 
about 130 vacant mobile home lots; as new homes are being built at a rate of 
about 5/yr, the city anticipates no need to develop non-platted areas. 

The city has no direct interest in the Monsanto property; potential 
development opportunities for the Plant property (although such action is 
unlikely) were discussed during the interview and Mr. Schmitt came up with 
the following concepts — industrial development (utilization of existing rail 
siding and other infrastructure in place), recreational development (regarded as 
desireable); however, Mr. Schmitt stated that if Monsanto were ever to leave 
Soda Springs, he estimates the city would become an agncultural and ranching 

supply community of about only 1,200 residents. 



Person Interviewed: Kirk Hansen 
Position: Mayor 
Affiliation: City of Soda Springs, Idaho 
Date: November 4,1991 
Interview Summary: 

Mayor Hansen believes there is no general community concern about the 

Monsanto Plant. 

• The Mayor foresees the city population to be stable or to grow slightly in the 

future. 

• The Mayor foresees no future city use of the Monsanto Plant property. 

• The Mayor expressed concern over EPA's unwillingness to listen to local 
citizens in regard to environmental issues. 



Person Interviewed: Robert Anderson 
Position: County Commissioner 
Affiliation: Caribou County, Idaho 
Date: November 4, 1991 
Interview Summary: 

Commissioner Anderson's only environmental concern regarding the Monsanto 
Plant is that it sits astride a seasonal deer migration route. A winter range is 
located along Soda Creek; however, he acknowledged that the deer are now 
adapted to the presence of the Plant and migrations are not disrupted. 

• The Commissioner estimates the county's population to be stable, or to be 
subject to only very modest growth, over the foreseeable future. 

• We discussed land use in the vicinity of the Plant (see accompanying 
photograph of county land use plan). There is an impact area encompassing 
the City of Soda Springs within which the city retains land use authority. The 
area around the Plant and to the northeast of the Plant is zoned for heavy 

industrial use. 

• The Commissioner stated that the county has no desire or expectation of 
establishing any other land use, other than heavy industrial, in the Plant 
vicinity. He also sees no changes in uses of surface or ground waters in the 

project area. 



Ray Nelson 
Chairman 
Caribou County, Idaho, Planning and Zoning Committee 
November 5, 1991 

Nelson projects only slight growth for the county in the foreseeable 

• The city's zoning jurisdiction extends 1 mi past the city limits in all directions 
(Chairman Nelson provided us a copy of the current zoning ordinance 

[#83-1]). 

With respect to the residential potential of the agricultural land in the vicinity 
of the Monsanto Plant, Chairman Nelson indicated that up to 1 home/40 ac is 
allowed; any higher density requires formal subdivision of the property. 

Person Interviewed: 
Position: 
Affiliation: 
Date: 
Interview Summary: 

• Chairman 
future. 



Person Interviewed: Bob Kukachka 
Position- Soil Survey Project Leader 
Affiliation: U.S. Soil Conservation Service - Soda Springs 
Date: November 5, 1991 

Interview Summary: 

Mr Kukachka is not aware of any soil or agricultural impacts attributable to 
the Monsanto Plant. (This statement was qualified by the fact that neither he 
nor his department has jurisdiction or expertise on this issue.) 

Mr Kukachka has reviewed aerial photographs of the Soda Springs area dating 
from 1941 to present. He indicated that these photographs show no indication 
of vegetation impacts in the vicinity of the Plant. (These photographs are 
available for review at the local SCS office.) 

Mr Kukachka indicated that climatological data can be accessed from his office 
through a computerized database. He indicated that the average annual 
precipitation at the Soda Springs airport is a bit over 17 in; he also provided a 
copy of frost data obtained from the airport. 



Person Interviewed: 
Position: 
Affiliation: 
Date: 
Interview Summary: 

Thomas Hepworth 
Environmental Health Specialist 
Southeastern Idaho District Health Department - Soda Springs 

November 5,1991 

Mr. Hepworth was not aware of any health problems associated with the 
Monsanto Plant; he has also not discerned any concerns on the part of the 

public in relation to the Plant. 

Mr. Hepworth stated his belief that Monsanto has done everything possible to 

comply with environmental regulations. 

Mr. Hepworth would like to see Monsanto and EPA cooperate better in the 
community relations process to avoid unnecessary public confusion and alarm. 



Tony Varilone 
District Ranger . 
U.S. Forest Service, Caribou National Forest, Soda Springs Ranger 

Station 
November 5,1991 

Mr. Varilone believes that the Monsanto Plant has absolutely no impact on 
local national forest lands; he regards Monsanto as a leading industry in terms 

of environmental control. 

. Mr. Varilone stated that the following endangered, threatened, or sensitive 
species exist in the region, but any critical or sensitive habitats are Seated 
beyond 30 to 40 mi from the Plant and none of these species frequent the Plant 
vicinity — whooping crane, peregrine falcon, sensitive trout species (not in Bear 

R. drainage, however), bald eagles. 

Person Interviewed: 
Position: 
Affiliation: 

Date: 
Interview Summary: 



Persons Interviewed: 
Positions: 
Affiliation: 
Date: 
Interview Summary: 

Carl Anderson/Jim Mende 
Regional Wildlife Biologist/Regional Fishery Biologist 
Idaho Department of Fish and Game — Pocatello 
November 5,1991 

Concern was expressed about the potential for waterfowl use of ponds on the 
Plant site (Bob Geddes indicated that waterfowl do use the non-contact cooling 
water and sewage ponds, but has never seen any use of the phossy water 
pond); effects of waterfowl exposure to the contaminants in these ponds was 
identified as the greatest concern from the terrestrial perspective. 

From an aquatic perspective, the greatest concern identified was to assess the 
potential impacts to Alexander Reservoir and, especially, that portion of the 
Bear River immediately downstream of the reservoir (the state is attempting to 
establish a reasonable fishery in the portion of the river); the state may take 
steps at some point to attempt to establish a fishery in Soda Creek (hatchery 
salmonids have survived for 20 to 30 d in Soda Reservoir); non-routine releases 
of contaminants (i.e., spills) were perceived to have the greatest potential 
impact on the aquatic environments of interest. 

• Potential species of concern in the project region were identified as trumpeter 
swans, bald eagles, and whooping cranes; Mr. Anderson indicated that the 
whooping cranes are unlikely transients and that no critical habitats for any of 
these species are known to exist in the vicinity of the Plant. 



Wallace Evans/Jeff Cundick 
Area Manager/Mining Engineer 
U.S. Bureau of Land Management, Idaho Falls District, Pocatello 

Resource Area 
November 5,1991 

• BLM owns land in the Formation Spring watershed; a phosphorus prospecting 
permit was filed with the agency some time ago, but never pursued by the 
interested party (at the time it was filed, the City of Soda Springs expressed 
concern about potential impacts to the municipal water supply). 

. The Nature Conservancy has purchased property near the above-mentioned 
BLM land and is proposing the creation of a preserve encompassing both land 

parcels. 

• No endangered or threatened species are known to occur on or near the 
above-mentioned BLM property; some moose and deer use the land; streams 
on the property are devoid of fish, but ponds on the Nature Conservancy land 
have non-spawning populations of fish. 

Persons Interviewed: 
Positions: 
Affiliation: 

Date: 
Interview Summary: 



Person Interviewed: 
Position: 
Affiliation: 
Date: 
Interview Summary: 

Dennis Dunn 
Senior Water Resource Agent 
Idaho Department of Water Resources, Idaho Falls Regional Office 

November 6,1991 

Mr. Dunn provided copies of all well logs for R.41E and R.42E — T.7S, T.8S, and 
T.9S; he believes the files are incomplete for the period prior to 1987 (the files 
of the Boise office were searched, on November 7, for these same townships 

and found to be more extensive). 

Mr. Dunn recommended having a local driller review the well location map 
prepared for the RI report to see if any other active well locations are known 

Because of the incompleteness of the well records, Mr. Dunn also 
recommended conducting a door-to-door well survey in the downgradient 

to exist. 

direction from the Monsanto Plant. 



Persons Interviewed: Chuck Lobdell/Bob Parenti, Ph.D. 
Positions: Field Supervisor/Botanist, Ecologist, and Tri-State Plant Program 

Manager 
Affiliation: U.S. Fish and Wildlife Service, Idaho Field Office 
Date: November 7,1991 

Interview Summary: 

Mr. Lobdell requested that we submit a written request for an endangered and 
threatened species review of the project site (project location and vicinity map 
required with the written request); USFWS will then access the Idaho Natural 
Heritage Program database for this information, which will also supply 

• information on any sensitive species in the vicinity of the Monsanto Plant; 
USFWS will take species mobility into account during the data search. 

Mr. Lobdell suggested updating the above-mentioned information request 
periodically during the course of the project (e.g., every 6 mo). 

Mr Lobdell and Dr. Parenti indicated that no ecological risks from the P1®nt 
are anticipated, and that their philosophy is that if protection of human health 
is ensured in accordance to CERCLA requirements, environmental protection 

will generally also be ensured. 



United States Department of the InterioMi^!i?W?i|j| 

DEC '  5 1991 

FISH AND WILDLIFE SERVICE 
Boise Field Station 

4696 Overland Road, Room 576 
Boise, Idaho 83705 

DEC - 5 1991 

GOWBP Associates 

December 2, 1991 

Golder Associates 

William E. Wright 
Senior Environmental Scientist 
Golder Associates, Inc. 
4104 148th Avenue NE 
Redmond, Washington 98052 

Re: Request for a Natural 
Heritage Program Database 
Review 913-1101.206 
(1019.1032) 1-4-92-SP-95 

Dear Mr. Wright: 

The soda°sJrlng^Plantdlsn<1 

threatened species in the vicm y Conservation Data Center 

°£Z?ly ZZTZZZ iHted a -mo-^ .^ich occurs 

SJiiL 
==s=r-

. __ Vv Ecoloev and Environment (Ecology and 
Testing of •<«*«• »J«r '^inspection Sport for Monsanto Cheaioal Company, 
Environmen , * pi Q.8702-06 29 pp.) revealed elevated 
Soda Springs, Idaho. TDD F10-87UZ uo.jy pp , Mormon-Springs, which 

concentrations of selenium, vanadium and tine at Morm P 6 Soda 

surfaces near the southwest corner of the Monsanto Sit. « uhich 
Creek and ultimately Alexander Reservoir The effluent ^ 

Creek, °cont a in^e leva ted°concentr at ions of aluminum, cadmium, iron, selenium 

and vanadium. 

Significant fish and wildlife habitats STm^S^* 
the Bear River and Alexander Reservoir l^ed^abouit^Z. Conservancy 
the Site, and Formation Springs, p p y Grays Lake National Wildlife 
located about 1.5 miles northeast of the Site. Grays i^a 
Refuge is located about 25 miles north of the site. 



v v fhe Bear River/Alexander Reservoir area 
Key trustee species which inhabit th several species o£ 
include bald eagles, white P*"«ns Canada ge (e;dangere(J) ulnt;er ln the Bear 

ducks and shorebirds. Abou Snrines downstream about 5 miles to 
River/Alexander Reservoir area from ̂ prings^downst^ ̂  ̂  summer, and 
Soda Point. White pelicans *°rage -l1 ®*f Aiexander Reservoir during late 
numerous shorebirds feed on e m and nest along the Bear 

summer. Canada geese are found inthe ^ utilize the area 

during'prtrand'falt^Satlon (Carl Anderson, Idaho Department of Fish and 

Game, personal communication). 

Alexander Reservoir, operated b,, UtahPower and past 
rainbow trout and yellow perch fishery It was comple ̂  ̂  

two winters for maintenance wor a fishery Smallmouth bass have also 

been'^introduced'into this "ach (dim Mende. Idaho Department of Fish and Game, 

personal communication). 

The service is not aware of any BIOLOGICAL sa^lin^thathas ̂ done^the 

vicinity of the '^Beac'River below Alexander Reservoir. There 
Creek, Alexander Reservoir lant and/or animal species could be 
appears to be a strong possibil y ? aluminum cadmium, selenium, 
effected by the elevated beendetected in 
vanadium, zinc °r °hher chemi stream, both of which discharge into 
Mormon Springs and the effluent ®i8C$ J . Al several analytes, 
Soda Creek and eventuaHy Alexander waber samples taken from the Kerr-
including vanadium, were detected in g Final slte Inspection Report 
McGee Site (Ecology and Environment, Inc., • ^ TI)D F10-8702-04. 50 
for Kerr.McGee Chemical Corporation greater may also be 

pp.). There is some i"dica^i°a d in groundwater and spring water samples 

contributing to contaminants detected in grounowa y ices is 

taken from the Monsanto Site, /^^^^^frhese chemical 

necessary to determine if harm u bio cal systems at potentially harmful 
constituents are accumulating ® . , , ̂ned to address potential 
levels. Any biologic.1 ^y'"nd Kerr-McGee Sites 

nr^e^sSs^rc^ttibuting contaminants via spring 

discharge near Soda Creek. 

The potential for impacts to trustee resources of however, 

emissions were not addressed iLn 1d slice air pollution from the 

facilicy6frequentl^drIfts over habitats occupied by trustee resources. 

in conclusion, information presented In the Ecology and^ronment^i^Site 

Inspection Report indicatethcprobablereleaseo^s^^^ ̂  

constituents iutospringswMch biecharge^ ̂  ^ ̂  ̂ lnpacting 

Alexander Reservoir on the Bear of tha Service, including migratory 

waterfowl^othe^migratory blrds^and ®da^rsered^specles^^^Sampling^of^^^^^^^ 

bioiogical resources^ inc u ng^ oo ^ dlscharges o£ contaminated 

groundwater and resources under the trusteeship of the Service. 



questions regarding these comments. 

h 
Charles H. Lobdell 
Field Supervisor 

Enclosures 



AS REQUESTED 
LISTED AND PROPOSED ENDANGERED 

AND THREATENED SPECIES, AND CANDIDATE 
SPECIES THAT OCCUR NEAR THE CITY OF SODA SPRINGS 

DATE: December 2, 1991 
PROJECT NAME: Monsanto Soda Springs Plant 

SPECIES LIST NO. FWS 1-4-92-SP-95 

T TSTF-n SPECIES 
COMMENTS 

Bald Eagle 
^aHaeetus 1 encncenhalus) Wintering Area 

PROPOSED SPECIES 

None 

CATJDTDATF. SPECIES 

None 

OTHER SPECIES 

Hoary Willow 
(Salix Candida) 

BLM & FS Sensitive Species 



Monsanto 

Total 
Quality 

FROM 

-Jl3-ilbl. 20 T" 

SUBJECT 

REFERENCE 

TO 

February 4, 1^92 

Additional Data Needs 

: Soda Springs NPL RI/FS Report 

: Rick Kossik, Golder Associates 

Rick, I have finally been able to get some of the information that 
you requested. 

WP.1 l Data 

KJK. •SKK r̂SK 4\/.?r£: 45.; i; a 
in the past and he was unable to remove the cap. The Harris 
well has no sampling port. 

TW ? - This well pumps at approximately 10 gpm. It is used 
" ™i periodically fob the operation of the electrode seal 

«atL pond I measured the water level on 1/31/92. The pump 
w»s not operating at the time the measurement was taken. The 
SeptS to Pwater was 56.52 feet. The measuring point is the 
same elevation as was surveyed. 

TW 40 - Test Well 40 was measured on 2/4/92 at 88.72 feet. 

TW 48 - Test Well 48 was measured on 1/31/92 at 63.64 feet. 
The mark point is 0.7 inches above the top of the steel 
casing. 

TW 49 - Test Well 49 was measured on 1/31/92 at 74.47 feet, 
ihe mark point is 1.1 inches above the top of the steel 
casing. 

TW 50 - Test Well 50 was measured on 1/31/92 at 61.0 feet-
The mark point is 0.8 inches above the top of the casing. 

PW 1 - Plant Well 1 was measured on 1/31/92 at 109.59 
The pump was idle at the time I took the measurement. The 
bolt that was surveyed is 0.19 inches above the casing used as 
the mark point elevation. Information about the pump and flow 
rates of PW 1 is included. 

PW 2 - Plant Well 2 information is included. The water level 
of this well is difficult to measure because of an oil column 
in the well. 

PW 3 - Plant Well 3 was measured at 124.64 feet. The pump was 
operating at the time. This well operates continually 

IN-1132 



is difficult to find a time when a static water level can be 
measured Information regarding the well construction, PumP 
and pump curve is included. Currently the well is operated at 
approximately a 1000 gpm level. 

PW 4 - Plant Well 4 was constructed without a port to measure 
the water level. It was designed to operate at approximately 
300 gpm. 

Kerr McGee Well Information 

Kerr McGee is preparing to share in detail all of the 
information that they have gathered during the 1991 well 
installation program and the sampling that they hf*ve 
completed. This information will be shared during the 
meetings scheduled on February 10-11, at the Colder 
offices. 

Surface Water information 

Blackfoot Reservoir - I have iocated the Water MasJ®*" for 
the Blackfoot Reservoir. His name is Ed Hall his phone 
number is (208) 246-6668. I have been unable to reach 
him, if I do and he provides me some water level data I 
will get it to you. 

Soda Creek Irrigation and Soda Creek flow - I k®^e 
included copies of the water master's log book from 1983 
- 1990. This information is mostly weir measurements at 
various locations. The North Weir was originally located 
above the Soda Creek Reservoir and in 1983 was moved 
below the reservoir and below the diversion point of th 
irrigation water. This location is where we collected 
the samples at Soda Creek. The South Weir (now is 
actually the North weir) is located at the outlet of the 
dam. 

The elevation of the Soda Creek Reservoir spillway is 
surveyed at 5959 feet. The level of the reservoir is 
identified in the water master's log book as °J 
dam." I have included a copy of the capacity table of 
the Soda Creek Reservoir. The capacity c^art was 
developed when the reservoir was constructed. It has not 
been adjusted to reflect any silting since construction. 

The measurements at the Farmer's Irrigation & Diversion 
weir indicates when and how much water was diverted from 
Soda Creek into the irrigation system. 

The former water master indicated to me that prior to 
1985 there was always a surplus of water. 



* _ vou know the purpose of the reservoir is to store 
water to supply the small Soda Springs City power plants 
located down stream on the creek. 
Teakaae and springs between the dam and the Farmer's Land 
a lrrigation weir has been measured with the dam headgate 
shutoff at 21.28 cfs. 
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LAYNi; y  f ' < _ u m Fa NY 

FIELD TEST REPORT 

Own*: N.onsanto Chemica l  Cc .  Well No. 1 ( r.ort,h ..eli) 

Mr y,aYriP Rnv/ler Ser.No. 

Motor Mfrf, Pnp ra l  Elec t . . .  Ser.  No. 

H. P.  125 __RPM 1770 
Power rn. Ilr.Mh Power Co Meter No. 

•SI 41 Well Dio. 

Frame 

_Depth 

_Volts U SO 
Kh 

Amps 145 Cycle 

C.T. Ratio 

60 

Engine Mfr.  

TEST DATES: 

W«U» Horsepower 

Pump Efficiency 

Qvetall  Efficiency 

KWH pw A»e Pool 
T  1  !  '  2 0 0 ' - 0 n  
Pump Setting: -— /-.<•« 
Column Sixe: Std. X 3 X .. 
Bowl Assembly (Stage* & Type) ?? _ 
Remarks 

Discharge dia. lQcw 1 »D» 

Also used electric draw down gauge to check both static water lej 
and pumping levels 

t . . » - d  b Y- t . m. Thompson - Lavne &. Bowler Fump CoT 
* Glen Turner - Mel crown uo. 
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n 
• ii f u »»*v 

Jwner: 

. A l N c  o <  ugmifA.Pi'i 

= E  PORT 

••Vftll) 

v-r ut- Lavne 6: Bovd- r Ser .No  
otor Mfr H pP : • 1 2.1 f r.t .Ser.No 

H. P. _ 100 RPM_^7?C 
Pow«r Co. 

Engine Mfr. 

Pump Setting: 
Column Size: 
Bowl Assembly (Stoges & Type) 
Remarks* Used electric draw down gauge to get both static level and 

pumping levels. Pitot tube setting very close to pump dischar 
for real accurate reading 

Tested nr T - M- Thompson - T,?lyne fc Bowler Pump Co. 
Glen Turner - Mel Brown Co. 
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Ptunp . •-V-./ri:;- - .*'. 

Iayne Bolier- deep well turbine par^:conrplfitely-tostallad as follws! 

' ;  ?  

i  .  •  

.;;.t ..... r^r-'V*-* * -
.215. foot*-setting of 8* Column 

215 foot ; 

] ? ' a *  V 7 C  f o o t  t o t a l  h e a d - o n  p u n ? )  ynqi. gatT <snn parr miira.tgvd1 snnarge an op 

Cone type galvanized strainer -..--t— 

Automatic Oil Dripper • _• "~ 

Draw down gage with necessary piping 

10 inch non-slow check valve - Crane 

10 inch gate valve — Crane. 

2 Inch air relief -reive with 2» gate .reive and necessary connections 

between pimp discharge and non-slow check valve. 

Pipe, flanges] gastetsV bolts andrelves necessary to »>inish a complete 



installation of a turbine deep well pump through the check valve and flanged gate 

valve• 

Motor ^ 

125 - HP ^6000 foot election. 1300 RFM Vertloal - Holloa Shaft Electric Motor 

drire - liliO aolta,-60 cycle - 3 phaa. with. Square D veather-iite piping plant 

combination starter panel for above motor., - ~ 

Monsanto Chemical Company to furnish only a ooncrete base around the well and 

casing, . -'-r" L 

- ; ; v . .  -  • 

The above-well and pump completely installad^without electric wiring for the lump 

son of $lli*ij06.J>t). • —-

/, 2., 92A i 3 ̂   ̂



^"  / E-  - - r  /  CURVE NO. SIZ&T ' 

F f  F LP PERFORMANCE 

stage J£LdJS±tzXH pump 

I T 7 Q  R.P.M. 
- F O R -

Mir At- fo.  



6  o  «  t k W «.< f (//#. 2 j LAYNE i 30WLER PUMP COMPAQ 

FIELD TEST REPORT 

n  C b o m i r q l  C o .  —  W o 1 1  N o  *  

Ser.No. D-11523 Well Dio. °ump "«» I.^ynq * ^"Wlei 

lotor Mfr- General Elect Ser.No. 
H. P. 20Q HP RPM 1??0 

Power e.g. Powp 

Engine Mfr. 

.Depth 

Frame 
Amos 23 5 Cycle 60. 

C.T. Ratio 

Pump Setting: 
Column Size: 
Bowl Assembly (Sieges & Type) 

Remarks: Used electric draw down gauge to check both static water level^fc 
and pumping level 

Tested Byt. & Cf' 
*" .mm • • ^a*e ~ 
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XX-X'Z 

VSrfc-Line DEEP WELL PUMP 
l i n e s h a f t  c o n s t r u c t  

™ Pf-

i o n  

4  h o l e s  

. I t  2.10. RPM 

d i s c h a r g e ,  h e a d  

h p  v h s  e l e c t r i c  m o t o r  

c y c l e  i  p h a s e . . - -  ^  .  v  

n r  2  0  0  £ . £  r t .  a n g l e  g e a r  d r i v e  

l  i  r a t i o  p u m p  s p e e d  i  7 7 0  

• - c ; ,  b o w l s  

•< w *r-

s t a g e  

qpu  t o o  FT. PER CURVE P  l l ?3  

d i s c h a r g e  f l a n g e  1 0 "  ~  i  t i ?  u j l  

q "  p i p e  c o u p l i n g  o . d .  1 . 1  2 / ^  

r>- c o l u m n  p i p e  i n —  2 p * — l g t h s .  

y e n c l o s i n g  t u b e  i n  £  l g t h s .  

. lfiTHS. I  i I / /A ' '  L INESHAFT IN • 

t o t a l  o v e r a l l  c o l u m n  l g t h  

. // 

m a x .  0 - d .  b o w l  a s s e m b l y  1.3 7/2. 

m d  s u c t i o n  p i p e  i n  h  l g t h s .  

A;L V. c o n i c a l  s t r a i n e r  

. T 
p r o p o s a l  f o r  l l f  ̂ -  t e l l l j i l  

( 1 " "  •  "Nl  V L i— 

s p e c  

c e r t i f i e d .  

ITEM 

" £ L: 
n  n  l i  o  i  ,  i  i  
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j».u 
•"''39". O 170 

.5 195 

uo.o 220 

.5 2L5 

Ul.O 270 

.5 300 

L2.0 330 

.5 360 

u>-0 390 

.5 

IJ4.0 u6o 

.5 U9* 
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$0 

50 
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60 

60 

6? 

/ 60 
5o.o ; 1&0 

.5 'U°° 

51 *0 H*0 

.5 1230 
* 0 

52.0 1300 

.5 1370 

53^0 1U50 

.6 1530 

5^0, l6lb 

60 

70 

70 

70 

80 

89 

69 

BL« AF; 

5U.o 1610 
80 

.5 1690 
90 

55.$ 1780 
60 

.5 1860 
90 

56.0 1950 
90 

.5 2060 
80 

$7.0 2120 
80 

90 

,6s 
. ' * •  5 J9°  no  
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VERNON McMUAN Inc. 

\ 
I^VtOlO Sp*-;w^1 "£!•»*««* cioAvt 

t„ < •F- L.'il- u>*;* T'cî vv $Uc* e>\ n ^ I >ol0 c.'. s 

ACCOUNT BOOKS 
144 PAGES • 77s IN. x 5'/. IN. (20 cm x 13.4 cm) 

AVAILABLE AS: 

No. 64-5400 (2044-J) JOURNAL 

No. 64-5402 (2044-SEL) S.E. LEDGER 

No. 64 5404 (2044-DEL) D.E. LEDGER 

No. 64-5406 (2044-C) CASH 

No. 64-5408 (204 4-R) RECORD 

No. 64-5482 (2044-1) RECORD Ind. A-Z 

VERNON McMILLAN. Inc. EII2AUEH1.NJOKMI 
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7 i3oA^ 

22-i2akV}r. 

.... 7.: £c>.kvr=-

22.1.LH~ A ' t e x  

72; 76? ̂  

. 72/34 
-.273 £L&i<^. 
22'$P liLanti/1 c£&u 

J27l0&±^_ 

c44 
m 

A 77* i  

L(oQ 

X'liC 

-i/^£»C J j /" 

—l'(&C 

—/.*4i __ 

V» ^C> 

fitS. 

J t(*L 

h(s£ L— JlSL 3 6 
-UAk I ^ 36 

—Lc><i-._L_J£?S / 

-L-j:5: z. _ 

_l— 
<5~£ aa 
yj,Q6 

»i ^V'73^i±i 



74I> 

1>2 r 
L 

72 >7 
2:/sA+h-

.7^0.^ 

75A k̂ -

7 /2^^  
$•. Q-& Phi 
7iaa Jht* 
*7 j 

2 •'/ 5 Asz.̂ . 
7;[ $o 
2 y *̂ n_ 

_222 2_,/̂  _ _ 
7/ 3J #**1 

9 / 
T7/ 

_2i??L4*=-
„ZL3*£h^ 
7 • 277<^A 
iL^&Pli L— 
2.'&7fc ... 
_Z'J4^: 
. 2i3.o  ̂

3o fr* 

i Lk £ 
JU^il 

h< 

.M\ 

7.9 -U,/.7 
7|/,fl 

-UAZ 

/.& 

i&y 

gs.d 
sA.A 

AA-.£ 

S'I-jS 

. 57.5 . 
jyst 
° 9-i 

S?£ 
jfli 
5<i< 3 

51.3 
Slot, 

>s&?a... 
£~ig.~fty 

S3 3 Q 

£*L19 
&3.-qA 

S&$8 

f$. S 

•sKii. 

9 $ - t i  

'£oS__ 

J-\ I W*53 

527, 
S%AO 

Q 

o9 

4& 

AQ-

(5 





7-IK! P/;/ /lb 
-/— 

? • •  
- P P^t (,(f & 

?•; P;3o Ain (0 6'A. H 
•6 t "i» *7;1 i v(,lv /o 

' 

A L . l n  

f ' S  A: 3r M-frfc' ci >^. 0 -> /'5' 5 . 
v - 75' ^V' X;H* 

-̂ •f-— ••• 
D p w r S  cu. -r 

! * i' U 5" * ? • ?  

/ / - 9'-. 3 " /£> p l  'v <5Vf" *•<• f >. / .5 1 < 
»* 

/ •£  
> .  ?5~ 6 ' /  ̂  R U (  

r 1 • / /'<7 -sr. a. 
*< ct •: t i :  / ' /  £7 M ; ..aa. !  ̂f. </ 
(2 SO V, ,5" r'm p' 

..aa. 
!•!? 

'$ 7 •' <-/j 7 i < if Jd 1 t , c >  S 9 . 3  

x 
/f 

t' Q} ' 0 c* *p I-11 
/•'• •S9.9bl̂  x 

/f t • /» /- ^ •> -.9 
f ' >5; 3d  r ) H  /> 

> /  
7 ' 2 o  /*••' I ' A  05~9. 

/ »  £ '5o P"« <4 cJ4 

/ r' /* 7/'P3 /W>* }>(JP J~9. ry 
7 t < ?//£ 4iM il (* cs 7. 
? /' 

7 : 3 > 0  .«•- Y - L  X9,/  
'f 4 ' 7; 3 cLr^A 

7-'; !-L> -5-^,9 
" 7 / 2 o 4-**\ 1,1, X7. -5 

=31 ; /r P*w C* ) ) Tu n 6 9. 3 
>5 7 - IL 5-f. 3 
27 t* ~?: >sT P •'**• //p o" 9- £ 8 

t * 9 - ^ D  A 1 * *  (<L> 

/ \ 7- r3^  ̂J-Vv i . b  s%. s 

JL 

C' 

Jl 

JP 

-Jd 
* 

-at 

AA 

& 
M 
LA 
Oc 

M-

A 
a* 

2d 

. a a  
-*0 

oicQ 

131 

.2, 
n -

*L 

xz 

o)i 
3 A 5 

DA 2 

2,2.7 

0?.?7 
Av-$& 

og 

5MS-

sw~ 

J . / 2 .  
7<a. 

jD 
0 

<2 
<2 

_2 
£ 

7L 
72_ 
A 

_i2_. 
.0 

0_ 
_£.. 
/'i 

7> 

73 
D_ 
o 

o 

...J 

LLa-sM-



V 
/ 

:v 

i t 

'_3 
7 

10 
• ?< 

:f 

9-

76 

&; 

?•> 

121 P  ̂  ̂
1 : / 6 .J '-• 
7 /-"'j 

/f> .J M 

^/' ̂  'f> A' <' / 

7*' • ,V 

7 ? ;? 

-7. 55 

7• 3 f1] <•*-> p | a % v~1. 

/ 

( • • " • . ; «  
) f c. M' 

11:. 
h 

•/-; •7* 5<7 A •• c /o**c <n: Qti ki.'iJS 

7*> V •' /  S  4 : . -
*7 y ; c ••' >! c /t>sW 

ti 7' - • 

& 7/ /•> /"-

//* 

fp 7//D" /?**-
<7' T7 ' ./) > -

. ?_ jt-i-h 3L E L_1 

{2. El. 
17 

"7. /t> w 

J3 / 
j0.13 A;/>. 

>7 7: $/j 

3j£ 7? 
?(, • P 

^' 7 A ,/& 
?:/o A "\ 

lr>6?c/ /* / 

A - 1 - • ' /,> X ' • . f 

<Vv>7/\ > 
'  V:  / /  V 1  

no y<?. 3</6 
—1— 
00 

~£q. * n  

1,0 
$q. js 

f.O Pi. /& 

1,0 . J* /V  
((, S9.1 X 

f-0 Tf.&di 

MO 

!•(« 
— *9/ 

3)9./ 

/, 0 ft. / 

AO 6 1. 'J 

0 0 5 8 to 

l'b 5$. B£> 

)>6> 5-S.86 

no S% 72-

1,0 5t ->(, 

h L 5LI. 8°-

/• 0 i S. 73 

h <p -58.3 7 . 
l,t> 59- / 2 

A (e 
— 

52 5 3-

1,0 

— 

58.92-

f,0 SitŴ  
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V ssui UNITED STATES ENVIRONMENTAL PROTECTION AGENCY 
REGION 10 

1200 Sixth Avenue 
Seattle, Washington 98101 

RECEIVED 

JUL 1 6 1993 

At?iyo" ES-097 SUPERFUNO REMEDIAL BRANCH 

MEMORANDUM 

SUBJECT: Monsanto Site - Phase II Remedial Investigation Air 
Emission Inventory (Dated May 27,1993) 

FROM: Bill Ryan/^. (!a^~ 
Environmental Characterization Program 

TO: Tim Brincefield 
Remedial Project Manager - Superfund Branch 

I have completed my review of the Phase II RI  air emission 
inventory (EI) and find that the information contained therein 
?f rs a c^earer» more defensible, characterization of most of 
the sources at the facility than that contained in the 
Preliminary Site Characterization Report. It is also worth 
noting that there still remains a high degree of uncertainty 
related to several sources/source areas on the site. The 
following comments are based upon my review of the EI report 
itself, our meeting with Monsanto on June 24, my visit to the 
site on June 29, and a subsequent phone conversation with Dan 
Hrebenyk of Senes Consultants. The comments are related to the 
EI (and how Monsanto is proposing to use it) as well as other 
work to be conducted in the future. 

general/ here is my understanding of how Monsanto intends 
to use the information contained in the EI. They intend to 
conduct modeling with the subject EI in order to derive an 
initial estimate of risks associated with air releases from the 
site. The intent of such an exercise is to identify (with 
presently available information) sources which contribute 
significant (or potentially significant) risks through the air 
pathway. This will help define and focus potential future work 

n®eded) related to source characterization. The modeling 
will be conducted in a manner such that changes to estimated 
emission rates based on updated information can be easily 
translated into predicted ambient air concentrations and 
deposition rates without re-doing the entire modeling analysis. 
Since we are also interested in getting an initial set of 
modeling results to begin determining the potential significance 
of risks through the air pathway, this approach seems acceptable. 

Printed on Recycled Paper 



In order to get the modeling under way, certain assumptions 
need to be made for sources where there is significant 
uncertainty related to emission rates and/or release 
characteristics. Dan Hrebenyk and I have had discussions about 
such sources. The following comments reflect my understanding of 
our agreements on how to treat them for this modeling effort. 

1) Kiln venturi scrubbers: Trace metals and radionuclide 
emissions will be based on 1992 stack testing results. 
While changes to the control system were made prior to the 
1992 testing, it is felt that the 1992 data provide a 
reasonable initial characterization of emissions from the 
scrubbers for 1990 and 1991. Evaluation of resulting risks 
should indicate whether additional information related to 
the metals and radionuclide make—up of the emissions from 
the scrubbers would be needed. 

2) Nodule crushing/screening scrubber fNCSSl: The EI indicates 
that particulate matter emissions from the NCSS are assumed 
to be 28 lb/hr. Unfortunately, no justification or basis 
for this value is presented in the report. We recommend 
that the basis for this number be presented prior to 
initiation of the modeling. 

The report indicates that stack testing of the NCSS will be 
conducted in the future (fourth quarter of 1993) and that 
this information will provide documentation/confirmation of 
emissions from this source. We request that Monsanto 
provide us with the date(s) when the testing would be 
conducted. We would also recommend, if feasible, that the 
testing be conducted at the earliest convenient date to 
facilitate the use of the results in further risk 
evaluation. 

3) Taphole fume collectors CTHFCs^: The report indicates that 
particulate emission rates from THFC #8 were significantly 
higher in 1991 than in 1990 while emissions from THFC #9 
remained essentially unchanged between 1990 and 1991. A 
discussion of possible reasons for the differences between 
the 1990 and 1991 emission levels for THFC #8 should be 
provided prior to initiation of modeling. 

The EI uses the chemical composition of the sub-200 mesh 
fraction in the treater dust for characterizing trace metals 
and radionuclide emissions from the THFCs. For purposes of 
the upcoming modeling, this approach is acceptable. Stack 
testing of THFC #7 is currently scheduled for the fourth 
quarter of 1993. As with NCSS, results from this testing 
should provide documentation/confirmation of the 
chemical/radiological make-up of the emissions from these 
sources. As with the NCSS testing, we recommend that 
Monsanto provide us with the date(s) of sampling and 
encourage them to schedule the testing at their earliest 
convenience. 



Coke fines air conveyor; The report shows 1986 emission 
levels for this source. Because emission rates from this 
source are low relative to others at the site, the 
difference in ambient air impacts (and associated risks) 
using 1986, 1990 or 1991 emission rates are not likely to be 
significant. Should modeling indicate potential risks from 
this source using the 1986 emission levels, further 
evaluation using 1990 and 1991 levels would be performed. 

Furnace building fugitives: The calculations of fugitive 
particulate matter emissions from the furnaces assumes 
several different control efficiencies for the venturi 
scrubbers (84-92 percent). While it is reasonable to expect 
some variation on control efficiencies, it is difficult (if 
not impossible) to determine when any given efficiency is 
being achieved. Consequently, for purposes of estimating 
emissions from the furnace building, we recommend that a 
single control efficiency be used for all furnaces, unless 
there is sufficient information to support the use of 
different, furnace-specific control efficiencies. For 
purposes of the upcoming modeling exercise, a 90 percent 
control efficiency value seems acceptable. 

For purposes of the upcoming modeling, fugitive fluoride 
emissions from the furnace building will be modeled at a 
rate of 0.43 lb/hr. A material balance of the furnace area 
suggests that this rate may be overstating actual emissions. 
However, lacking any additional information to derive a 
different factor, these emissions will be used in the 
initial evaluation of risks through the air pathway. 

Slag Pouring Emissions: Section 3.3.6 of the EI report 
presents a variety of emission factors for use in estimating 
particulate matter emissions from slag pouring activities. 
Estimated emissions presented in Tables 3.3.2a and 3.3.2b" 
are based on an emission factor of 0.282 pounds of 
particulate matter per ton of slag tapped (lb/ton). Based 
on discussions with Dan Hrebenyk, utilizing information in 
Section 3.3.5 of the report, an emission factor of 
approximately 0.57 lb/ton will be used in the upcoming 
modeling analysis. This value, which is roughly double the 
value proposed in the EI, tends to fall near the middle of 
the range of factors identified in the report and is 
consistent with the methodology used for estimating fugitive 
dust emissions from the furnace building. In the event that 
modeling suggests risks associated with this source may be 
significant, I would recommend that Monsanto begin to think 
of potential source testing methods for evaluating emissions 
from this activity. 

i 

Fluoride emissions from slag pouring will be estimated using 
a factor of 1.043 lb/225 ft^ of slag (the origins of which 
are uncertain). The mass balance performed for furnace-



related fluoride emissions would suggest that this factor 
results in a significant overestimate of emissions from slag 
pouring. Given the lack any other factor to use at this 
point in time, and an indication that this approach may be 
conservative, this appears to be an acceptable approach to 
use for the forthcoming modeling exercise. 

Slag Pouring Modeling; Appendix E of the report presents an 
evaluation of several methods of modeling the emissions from 
slag pouring activities. Conclusions of that evaluation 
include a proposal to simulate the release and dispersion of 
emissions from slag pouring activities as a pseudo—stack 
source. Based on my recent site visit, it appears that the 
pouring of slag on the pile would (as indicated in the 
report) be best simulated as a buoyant puff release. 
Unfortunately, models currently available for regulatory use 
do not easily lend themselves to evaluating such sources 
with large meteorological data bases, such as being used at 
Monsanto. Consequently, Monsanto/Senes has proposed to 
simulate these emissions as a pseudo-stack source as a 
surrogate for modeling them as a puff, which will 
incorporate buoyancy effects that were not accounted for in 
the earlier modeling analysis. My major concern with the 
proposed methodology is associated with the fact that slag 
dumping activities occur at various locations on the slag 
pile throughout the course of a year. The locations of 
model-predicted air concentrations and deposition rates can 
be very sensitive to the placement of a given stack (or puff 
release, for that matter) within the modeling domain. When 
looking at short-term events (up to 24 hours in duration), 
modeling the slag pouring in the proposed fashion may be 
reasonable since the- location of slag pouring is relatively 
constant on a single day. However, for assessing longer-
term impacts, the method may not provide as good a 
description of concentration/deposition patterns and 
magnitudes because model predictions would likely to be 
overstated in some areas and underestimated in others due 
primarily to source placement. I had recommended that Senes 
consider treating emissions from slag pouring as a volume 
source (as was done in the previous modeling), but to expand 
the dimensions of the volume to account for buoyancy effects 
and the migratory nature of the pouring activities. Senes 
has evaluated this approach and found that it is not a 
significant improvement over the earlier modeling. 
Consequently, Dan and I have determined that the following 
approach will be used for the upcoming modeling. Slag 
pouring will be modeling two ways; 1) using the pseudo-stack 
approach proposed by Senes and 2) using a series of pseudo-
stacks to simulate the slag dumping. Since neither approach 
can be viewed as "correct," we agreed that predictions from 
the method yielding the more conservative (higher) 
concentrations would be incorporated into the results that 
would be provided to EPA/SAIC for initial risk evaluation. 
Obviously this is an area which needs further investigation, 



but for the short term I think we can begin to generate 
information which will help us get a feel for risks through 
the air pathway. 

Finally, on a topic not specifically associated with the EI 
report itself, but related to future work. In our meeting of 
June 24, and subsequent discussions, there has been some dialogue 
related to the usefulness of some ambient air quality monitoring 
in the vicinity of the Monsanto facility; primarily as a "reality 
check" for the emission inventory and modeling. It is my 
understanding that Monsanto has written you agreeing that some 
monitoring would be necessary. Dan Hrebenyk and I have had some 
initial discussions related to a monitoring program and it is my 
recommendation that they provide a proposal which outlines the 
purpose and goals of the program and a description of the program 
itself. Ideally this plan should include a description of the 
network (location, duration, sampling frequencies), constituents 
to be identified, analytical procedures and techniques to be 
employed (and laboratory-specific SOPs) with estimated detection 
limits, and a description of QA/QC practices to be followed. 

Should you have any questions regarding these comments, or 
my review in general, please give me a call. 

cc: C. Hall (AT-082) 



Dose-Rate Measurements and Shielding-Factor Calculations for the Monsanto Company 
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Edited by: 

W. Wright. R.E.P. 
Montgomery Watson 

Date: 
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Phosphate ore is often associated with uranium concentrations that are slightly elevated 
with respect to the U.S. average tor soils. As a result of the increased uranium, gamma 
radiation from uranium progeny is also somewhat increased above the U.S. background 
average. The dose rate from phosphate ore and processing by-products is usualfy well 
below dose rate levels that are subject to regulatory action. The relevant regulation for 
occupational situations is 29 CFR 1910.96. administered by the Occupational"Health and 
Safety Administration. A review of the occupational dose rate situation of the elemental 
phosphorus plant operated by Monsanto Company in Soda Springs, Idaho, was conducted 
to ensure that doses received by workers were below levels requiring establishment of 
restricted areas and the institution of a radiation protection program. 

Monsanto Company has a radiation protection program administered from the corporate 
level that satisfies both OSHA and Nuclear Regulatory Commission regulations. The Soda 
Springs plant has radioactive gauges that are licensed by the NRC. and an appropriate 
radiation protection program to meet those license requirements is in place. Workers are not 
exposed to the radiation emitted from these gauges on a regular basis. 

The major source of worker exposure is the naturally occurring radioactivity found in the 
materials used and generated during phosphorous production. Because of possible external 
and internal exposure. Monsanto conducts routine radiological surveys to ensure that 
worker doses from these materials are not in the range requiring an OSHA radiation 
protection program. 

The current investigation determined both shielded and unshielded dose rates at typical 
work locations. Measurements were obtained on August 3, 1994, with a Bicron Microrem 
Meter, a tissue-equivalent plastic scintillator. Shielded dose rates were those inside 
vehicles or equipment used at those locations. 

The measured dose rates by location are shown in Table 1. The shielding factors ranged 
from 0.75 to 0. The shielding factors (or dose-reduction factors, DRFs) were determined 
by the following formula: 

The background at the plant boundary where slag was not present was 15 prem/hr. Several 
locations within the plant boundary, inside buldings and the quartzite and coke piles were 
lower than the plant boundary background. The background used in determining the 
shielding factors was 15 prem/hr. The shielding factor is applied by multiplying DRF 
the above-background dose rate. 

A person walking through a location has a DRF of 1. A person riding in an automobile or 
pickup has a DRF of about 0.5. A person operating the heavier equipment such as ore 
trucks, caterpillars, or pot carriers has a DRF of or nearly 0. The highest dose rates axe thus 
experienced when walking outdoors, the next highest are experienced when riding in light 
vehicles, and often no excess dose is experienced when operating heavy equipment. 

DRF Pi -bg 
D2-bg 

DRF 
Di 
D2 
bg 

dose-reduction or shielding factor 
unshielded dose rate 
shielded dose rate 
background dose rate 

(Note: EPA uses a shielding factor denoted as Se; DRF = 1-Se) 



The projected doses can be calculated based on time at locations and can be bounded by 
highest and lowest dose rates. The highest dose rate measured was 75 (irem/hr. or an 
excess dose rate of 60 urem/hr. Based on 2.000 hr/vr worked, the maximum annual dose 
is 120 mrem/yr. For a worker receiving this maximum dose from age 18 to 65. the annual 
risk at age 75 is lxKH The minimum dose is background, so no excess risk is projected 
tor the lowest dose-rate category, it is clear from the"dose distribution at the Soda Springs 
plant that no individual is exposed at the highest dose rate for even a single day. This 
upper-bound dose and corresponding risk estimate are definite exaggerations. A more 
probable estimate of the maximum average daily rate is 45 prem/hr for an excess annual 
dose of 60 mrem/yr. This dose rate would produce an annual risk of 5x 10 3 at age 75. The 
person expected to receive such doses are those who spend a major portion of the day on 
toot and outdoors. In general, weather restricts outdoor activitv for several months of the 
year. 

A study was conducted using thermoluminescent dosimeters on 25 workers. The doses 
trom this study resulted in projected annual doses ranging from 1 to 66 mrem/yr. This is 
well within the error of the annual doses projected from dose rate and time. The period of 
this dosimetery study was late summer to late fall. Outside activity was restricted to only a 
small part of the time for the vast majority of workers. 

Conclusions 

Dose rates at single locations and annual doses are below limits requiring establishment of 
radiation areas and a radiation protection program. An area must be designated a radiation 
area it is any area that in which there exists radiation in such levels that a major portion of 
the body could receive in any one hour a dose in excess of 5mrem. or in any five 
consecutive days in excess of 100 mrem (29 CFR 1919.96.d.3.ii). A radiation program is 
required for surveying for radioactive materials and radiation dose rates and for providing 
appropriate dosimetry devices to each employee who is likely to receive 10% of 5 mrem/yr. 
An airborne radiation program is required when an employee is expected to receive 10% of ' 
the annual limit of intake. Further, a radiation program is required when a minor or a 
fetus/embryo of a declared pregnant woman can receive 1 % of 5 rem/yr. None of the above 
doses can be received at the Soda Springs plant based on the results of this study. Minors 
do not work at the plant and 50 mrem cannot be acquired over the nine months of a 
pregnancy. 



Gamma Radiation Dose-Rate Measurements 

Monsanto Company's Elemental Phosphorus Plant 

Soda Springs, Idaho 

3-Aug-94 

Dose Rate (microrem/hour) 

Unshielded Shielded Shielding F 
32 20 0.29 
48 22 0.21 
45 15 0.00 
35 1 1 0.00 
45 17 0.07 
10 10 0.00 
38 25 0.43 
50 30 0.43 
45 25 0.33 
15 15 0.00 
6 6 0.00 

53 21 0.16 
40 25 0.40 
51 35 0.56 
52 39 0.65 
60 40 0.56 
65 15 0.00 
58 40 0.58 
40 25 0.40 
40 15 0.00 
45 35 0.67 
42 22 0.26 
45 30 0.50 
75 50 0.58 
48 25 0.30 
10 10 0.00 

Type of Shielding 

automobile 

pot carrier 

pot carrier 

pot carrier 

pot carrier 

pot carrier 

automobile 

automobile 

dump truck 

automobile 

automobile 

ore truck 

automobile 

automobile 

automobile 

pickup 

D9 cat 

automobile 

automobile 

dump truck 

automobile 

automobile 

automobile 

automobile 

automobile 
automobile 

Location (grid no t 

44 

44 

44 

34 

44 

44 

34 

34 

34 

45 

55 

65 

65 

65 

65 

65 

65 

75 

76 

76 

74 

73 

63 

64 

64 

54 

Location Description and Comments 

outside service building 

outside #8 furnace 

west of #8 furnace; pot full 

slag dump; metal ramp w/ pot full and empty 
west of #8 furnace 

#8 furnace alley 

road on slag pile to slag dump 

metal thumper 

metal thumper 

coke pile 

quartzite pile 

ore pile 

ore pile 

ore pile 

ore pile, blend 1 

ore pile, blend 1 

ore pile, blend 1 

underflow solids 

baghouse dust 

baghouse dust 

electrode seal pond 

sanitary landfill 

sanitary landfill 

nodule area; between two stockpiles 
treater dust 

fuel tanks 



• • 
Gamma Radiation Dose-Rate Measurements, continued 

Dose Rate (microrem/hour) 

JiShielded SfifeM Shielding Factor' Type ol Rhteininn Location mna , 
43 

43 

52 

52 

60 
45 

35 

60 

35 

22  
40 

15 

1 7 

35 

30 

38 

0-71 automobile 

0-25 front-end loader 

068  au tomob i le  

0-00 ore truck 

8-04 front-end loader 

8-67 automobile 

0-75 automobile 

°-51 automobile 

54 

54 

44 

44 

44 

53 

53 

23 

Location Description and Comments 
kiln 

kiln 

nodule screening pile 

nodule screening pile 

nodule loading 

old underflow solids 

effluent settling pond; slag gravel 

sewage evaporation pond 

•1 denotes no shielding, and 0 denotes complete shielding; negative results are replaced with 0 (physical constraint). 
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APPENDIX B 

SOURCE PHYSICAL PROPERTIES 

Golder Associates 



APPENDIX B-l 

PHASE I SAMPLES 
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GCLDEE ASSOCIATES ISC.. EEDHOSD, HA 
KOI STORE COETE5T CALCDLATIOR SEEET 

'I 0-2216 

PROJECT: B0HSAHT0/RI/FS/1D 
PROJ. HO: 913-1101.208 
DATE: 11/16/91 
TECB: HL 
REYIEH: 

SAMPLE HO HEI HT. DRY HT. TARE HT. TARE HOISTORE 
(g) (f) (g) HO. (*) 

SLAG-1 783.43 755.35 132.66 S-6 4.5 
SLAG-2 710.20 706.35 107.28 R 0.6 
SLAG-3 531.05 516.45 133.18 S-2 3.8 
DOST-1 891.20 889.10 160.18 E 0.3 
DOST-2 874.70 829.70 167.54 RR 6.8 
DOST-3 705.79 625.52 152.42 SA 17.0 

OHDERELOH-1 682.58 594.21 135.98 S-9 19.3 
OHDSRFLOH-2 912.00 747.09 159.95 AZ 28.1 
UHDERFLOH-3 608.95 494.77 107.20 J 29.5 
SLURRY-1 848.00 730.58 102.87 H-2 18.7 
SLDSEY-2 818.50 701.79 158.36 B 21.5 
SLURRY-3 557.01 453.43 107.63 Y 30.0 



SAMPLE . S//^ J " '' 

Pycnometer number LDZDg 

Temperature at weighings (®C) 
fV7° L, 

Weight flask + soil + water (Wb) 701,1*7 

Weight (task + water (Wa) 

(Wa-Wb) 

Evaporating dish number 1 

Weight dish + dry soil 1 7 1 , 2 1  

Weight dish 

Weight dry soil (W0) 

Temperature factor (K) L 0 O O V  

Wo 
os/cornrui lemperaiure « - vv(wa-\Ay 

Gs^c- • K y uooo I ^ 1 . 1 2 -

Comments: 

Figure 
SPECIFIC GRAVITY DETERMINATION, ASTM D854 



Pycnometer number 
L 0 2 . O &  

Temperature at weighings (°C) 6 1 9° C~-

Weight flask + soil + water (Wfa) 
bW-oh 

Weight flask + water (Wa) 
11 

(Wa-Wb) -39-1 

Evaporating dish number 

Weight dish + dry soil )&.<rs 

Weight dish 

Weight dry soil (W0) (>0-57 

Temperature factor (K) I- c v o Z  

SAMPLE 5/ft q - 2. 

Gs/control temperature 

GS/20°C • 
v^+(wa-vyy 

Comments: 

Figure 
SPECIFIC GRAVITY DETERMINATION, ASTM D854 

PICM ,Ai L'i ^ / £-i / Fi>  /  1 f t  )  .  
PropoNe I t  C I .  ?  O f  '  _ p,. /  I  H k I (  A ,»r T V /) Colder Associates 



SAMPLE 

Pycnometer number Loloi  
Temperature at weighings (°C) 

Z*. ̂ 0 c 

U <. b 'P 
Weight flask + soil + water (W^) 69°>.&7 

Weight flask + water (Wa) £5^,83 

(Wa-Wb) -Uo4 

Evaporating dish number (0 
Weight dish + dry soil ns,Hl 
Weight dish nvo5 

Weight dry soil (Wo) 6*.yT 

Temperature factor (K) QAW°l 

Wo 
Gs/control temperature vtfe+(Wa-V^ 

GS/2Q°C- .K 

Comments: 

Figure 
SPECIFIC GRAVITY DETERMINATION, ASTM D854 

P-T" ' "> ' Ai / 
(^) Golder Associates *> '• S - IV «-• ' l n>- . n«» ' - ,13. '  1—l«r  ̂ Q>Y.O (^) Golder Associates 



SAMPLE 0 M ' ! 

1 
Pycnometer number L[) 2 0$ 

Temperature at weighings (®C) 
/9 . ' *C  

Weight flask + soil + water (W^) 699.Fi  

Weight flask + water (Wa) 
tfUbC, 

(Wa-Wb) -Ho5& 

Evaporating dish number 

Weight dish + dry soil i i o . Q S  

Weight dish 

Weight dry soil (Wo) 6572-H 

Temperature factor (K) l . o  o o Z -

1 Wo 1 VQ/wvNUvi leiupeiaiure B 
%+(Wa-V\y  

Gc/20°C — 
s Yfe+(wa-wy  

• K y  K D 0 Q 2  - Z £ 5 ~  

Comments: 

Figure 
SPECIFIC GRAVITY DETERMINATION, ASTM D854 



SAMPLE 

Pycnometer number U)?oV 

Temperature at weighings (®C) t,n,c,eF 

Weight flask + soil + water (Wb) (>99 ,95  

Weight flask + water (Wa) £fS ,S$  

(Wa-Wb) 

Evaporating dish number f i t  

Weight dish + dry soil 1^5.0 6 

Weight dish W s Z l  

Weight dry soil (W0) 

Temperature factor (K) 1 ,00  00  

Gs/control temperature Wo 

%+(Wa-v\y 

GS/20°C. Wo 

v\fe+(wa-vyiy 
-  2.59 

Comments: 

Figure 
SPECIFIC GRAVITY DETERMINATION, ASTM D854 

Propa A* en*>3 v-J P , . 
p»pe»No. DfJU 'i /? )  T^, - .p r  / vg  .n—.or  T?tU3 Golder  Assoc ia tes  



SAMPLE Vtat'3 

Pycnometer number L O Z c f  
* 

Temperature at weighings (®C) 
•2.1,2 C* 

~7n.  z  b 

Weight flask + soil + water (W^) 

Weight flask + water (Wa) c s z n t  

(Wa-Wb) 

Evaporating dish number 
4r 

Weight dish + dry soil 169-& 

Weight dish 101-71 

Weight dry soil (W0) 07. °]^ 

Temperature factor (K) c . m  i  

Gs/control temperature < Wo 

%+(wa-wy 

GS/20°C Wo 

V^+(Wa-V^ K 
67. 
I S M ?  

y o. 9 9 6>£ - *2..67 

Comments: 

Figure 
SPECIFIC GRAVITY DETERMINATION, ASTM D854 

Prof* jA' c. »•• t-,0. *-f '  /  Fi> /  I  r> ,  .  •  ^  
Pip^a No. II F I ' Da. > < ll t, V f Tmud By ApprowdBy Golder A»8QCUltB8 



SAMPLE L U  s/^/'e w'- 1 
V 

Pycnometer number L020?  

Temperature at weighings (®C) 
>9 .7 "  C  

L l -V 'P  

Weight flask + soil + water (Wb) 7^0, 

Weight flask + water (Wa) 6 5 & . S 0  

(Wa-Wb) 

Evaporating dish number 

Weight dish + dry soil 

Weight dish 1 0  i n  1 

Weight dry soil (Wo) (7. 

Temperature factor (K) l  X  C O O  f  

Wo 
05/conirui lemperaiure « 

%+(Wa-tty 

Gc/°0oC rr • tr 
_ <^.'2 v, (OODI  = -2 - ,6<9  

s' v^+(wa-wy 
• r\ 

23 .0s?  

(OODI  = -2 - ,6<9  

Comments: 

Figure 
SPECIFIC GRAVITY DETERMINATION, ASTM D854 

PmPa V ° J—- • — o (S&) Golder Associates Projea 1 w *» D<,# I / ,  i  f M l~ Appron* By U) U wwiupi ^avwtawe 



SAMPLE ' 2-

Pycnometer number L0*°2 

Temperature at weighings (®C) 
zo$f 

P'  

Weight flask + soil + water (Wb) 70(,OZ. 

Weight flask + water (Wa) 

(Wa-Wb)  -  hV\ 0) 

Evaporating dish number £>LK 

Weight dish + dry soil I n>£H 

Weight dish lOlM^ 

Weight dry soil (W0) Q(oA 

Temperature factor (K) 0,9996 

Gs/control temperature < 
Wo 

%+(Wa-Wfe) 

Gs/20°C = Wo 

%+(Wa-v\ y  
• K ' 

((• I 
*  o . 9 m  

- Z . l b  

Comments: 

Figure 
SPECIFIC GRAVITY DETERMINATION, ASTM D854 

p,-__ N o t" *- o '/E-i. ! Eb IT. t> /«i. 
Proisap i < : c 6 ' ' / 7 / a /  T _ ^ P y  — i p r  D V f )  (§y Golder Associates 



CAMBI C ^ ̂  r4~lOUJ - 3 

Pycnometer number 
L  0  Z O H  

Temperature at weighings (®C) ^ J" '  °f , 

Weight flask + soil + water (Wb) 
102.0(7 

Weight flask + water (Wa) 

(Wa-Wb) 

Evaporating dish number 10 

Weight dish + dry soil t M x O b  

Weight dish 1 01 t( ,g 

Weight dry soil (W0) 6 7 - f y /  

Temperature factor (K) / '  0 Volf  

Wo 

.  %+(Wa-V\y  

GS/20°C« W° • K 
53 v^+(wa-wy  

,  2-77 

Comments: 

Figure 
SPECIFIC GRAVITY DETERMINATION, ASTM D854 

PffMM A' <'• '• L-0. "t-f O / 

* n>pa Nc I '  C  1 7  Ot 
/  /  I  f> 

. D*)e. hit %U Taaw) By. Br- 20 Golder Associates 



SAMPLE ~ 1 

Pycnometer number L O  Z 0 2  

Temperature at weighings (®C) 
to . i  c 
C2. i  h  

Weight flask + soil + water (W^) t ie .6  9  

Weight flask + water (Wg) 

(Wa-Wb)  

Evaporating dish number Qs 

Weight dish + dry soil \ a ^  

Weight dish 9£.9sr 

Weight dry soil (W0) 65~.  Z°>  

Temperature factor (K) I . P D O O  

Gs/control temperature 
Wo 

%+(Wa-V\ fc )  
<> 

Gs/20CC = Wo 

v^, + (wa-v\y • K Z X  r ,  O O O Q  z  2 S G  

Comments: 

Figure 
SPECIFIC GRAVITY DETERMINATION, ASTM D854 

Pfoad ' *• T / *• '"9 / X D 
Prt»a Mr, 1 C '. ' n«. I t /">/<) r ar K ?- tppr~»<Pr N^vV i Colder Associates 



SAMPLE 

Pycnometer number 

Temperature at weighings (®C) 
? o , > C  

Weight flask + soil + water (Wfa) 
i&67 

Weight flask + water (Wa) 

(Wa-Wb) 

Evaporating dish number 18 

Weight dish + dry soil ne. i l  

Weight dish Mb9 

Weight dry soil (W0) t / . H  I  

Temperature factor (K) 

Wo 
05/conirui lempeiaiure » —— 

%+(wa-wy  

Gs /20C= v^+(wa-wy  • K 

CL YZ 
y ; 

Zip. f6 

Comments: 

Figure 
SPECIFIC GRAVITY DETERMINATION, ASTM D854 

i Aos  ' —iBr h .n ,r \)QO @ CSolder Associates 



SAMPLE 

Pycnometer number i020? 

Temperature at weighings (®C) 
10.6>rQ~ 

C e . i ' t  

Weight flask + soil + water (W^) £ 9 7 0 7  

Weight flask + water (Wa) G>5Z>tO 

(Wa-Wb) - ̂  «.Z7 

Evaporating dish number &LK 

Weight dish + dry soil / 

Weight dish 

Weight dry soil (W0) 6S.2Z 

Temperature factor (K) 

Gs/control temperature 
Wo 

%+(Wa-v\y 

GS/20°C 
Wo 

v^,+(Wa-vyy 
K - £L£l_y 0,9^9 } - 2,25" 

Comments: 

Figure 
SPECIFIC GRAVITY DETERMINATION, ASTM D854 

heo /rt> /"v o ~ 
1 ' 1 .... nr ,n ,»r UPM Colder Associates 



COLDER ASSOC! 

ASTH C-136 
DRY SIEYE ANALYSIS 

RC., , HA 

PROJECT 
PROJECT NOHBER 
ENGINEER 
DATE 
TECHNICIAN 
FETISHER 

HONSANTO/RI/FS/ID 
913-1101.208 

BANTON 
11/16/91 

HI 

SIZE OF LARGEST 
PARTICLE 

110 
I! 
3/r 
r 
2" 

3" 

HINIHOH HASS OF 
SAHPLE REQUIRED 

200g 
500g 
1500g 
2000g 
4000g 
5000g 

BOREHOLE NOHBER SLAG-I 4 SLAG-2 t SLAG-3 4 DOST-1 4 DOST-2 DOST-3 
SAHPLE NOHBER t t 4 4 
DEPTH (ft) t t 4 4 

TARE ROHBER S-6 t R * S-2 4 E 4 RR 3A 
TARE NT (g) 132.66 * 107.28 1 133.18 4 160.18 4 167.54 152.42 
NET NT • TARE (g) 783.43 1 710.20 1 531.05 4 891.20 4 874.70 705.79 
DRT NT • TARE (g) 755.35 I 706.35 * 516.45 4 869.10 4 829.70 625.52 
HOISTORE (!) 4.5! * 0.6! 4 3.8! 4 0.3! 4 6.8! 17.0! 

COHOLATITE PERCENT * COHOLATITE PERCENT » COHOLATITE PERCENT 4 COHOLATITE PERCENT * COHOLATITE PERCENT COHOLATITE PERCEN 
NEIGHT (g) FINER ' HEIGHT (g) FINER * NEIGHT (g) FINER 4 HEIGHT (g) FINER 4 HEIGHT (g) FINER NEIGHT (g) FINER 

TARE (g) 132.62 I 107.25 t 133.18 4 160.21 * 167.53 152.49 
3' 132.62 100.0!' 3" 107.25 100.0!* 3" 133.18 100.0!' 3" 160.21 100.0!* 3" 157.53 100.0! 3" 152.49 100. 
2" 132.62 100.0!' 2" 107.25 100.014 2" 133.18 100.0!' 2" 160.21 100.014 2" 167.53 100.0! 2" 152.49 100. 
1" 266.66 78.5!' r 135.58 95.3!4 l" 133.18 100.0!' 1" 160.21 100.0!* 1" 167.53 100.0! 1" 152.49 100. 
3/r 291.82 74.414 3/4- 230.91 79.4!' 3/4" 162.06 92.5!' 3/4" 160.21 100.014 3/4" 199.30 95.2! 3/4" 176.41 94. 
3/8" 385.90 59.3!* 3/8" 376.98 55.0!' 3/8" 257.22 67.6!* 3/8" 160.21 100.0!* 3/8" 265.01 85.3! 3/8" 192.93 91. 
M 469.40 45.9!' 14 583.70 20.5!' 14 373.82 37.214 14 169.48 98.7!* 14 327.78 75.8! (4 225.74 84. 
110 567.76 30.1!* 110 677.11 4.9!* 110 446.60 18.2!' 110 174.26 98.1!' 110 405.09 64.1! (10 269.71 75. 
120 635.83 19.2!* 120 693.87 2.1!' 120 479.53 9.6!* 120 175.16 97.9!' (20 506.27 48.8! (20 324.87 63. 
140 666.33 14.3!* 140 698.42 1.3!* 140 492.33 6.3!* 140 175.55 97.9!' 140 571.65 39.0! (40 371.47 53. 
160 688.32 10.8!* 160 700.27 1.0!* 160 499.99 4.3!* 160 187.45 96.3!* 160 618.87 31.8! (60 410.45 45. 
1100 717.82 6.0!* 1100 701.91 0.714 1100 507.47 2.3!* 1100 434.04 62.4!* (100 684.95 21.9! (100 473.96 32. 
1200 735.09 3.2U 1200 703.24 0.5!' 1200 511.86 1.2!* 1200 781.03 14.8!' 1200 756.50 11.1! (200 541.67 17. 

HEETS ASTH SAHPLE t * 4 4 

SIZE REQOIREHENT? NO t NO 1 NO 4 RO 4 HO NO 

D10 0.22 » D10 3.05 4 D10 0.94 4 D10 N/A 4 D10 0.069 D10 N/A 
D30 1.9 4 D30 6.1 4 D30 3.8 4 D30 R/A 4 D30 0.23 D30 N/A 
D60 1.99 • D60 10.3 4 D60 8.5 * D60 N/A * D60 1.7 D60 N/A 
Cu 9.0 ». Cu 3.4 4 Cu 9.0 4 Cu N/A 4 Cu 24.6 Cu N/A 
C; 8.2 * Ci 1.2 » Ci 1. 4 Ci N/A 4 Ci 0.5 Cs N/A 



GOLDEN ASSOCIATES INC., REDHOHD, HA 

ASTH ' £-136 i i SIZE OF LARGEST HINIHOH HASS OF i i 
DRY SIEVE ANALYSIS i i PARTICLE SAHPLE m IOIRED i i 

i i 110 200g i i 
PROJECT HONSANTO/RI/RS/ID i i 14 500g i i 
PROJECT N0H8ER 913-1101.208 i i 3/4" 1500g i i 
ENGINEER BANTON i i I" 2000g i i 
DATE 11/16/91 i i 2" 4000g i i 
TECHNICIAN HF • i 3" 5000g i i 
REVIEWER i i 

i i 

BOREHOLE NOHBER OHDERFLON-1 4 ONDERFLON-2 4 SLORRT-1 4 SLORRT-2 4 SLORRT-3 4 

SAHPLE ROHBER I 4 4 4 4 

DEPTH (ft) » 4 4 4 4 

TARE NOHBER S-9 4 AZ t H-2 4 B 4 T 4 

TARE NT (g) 135.98 4 159.95 t 102.87 4 156.36 4 107.63 4 

NET NT ( TARE (g) 682.58 4 912.00 4 848.00 4 818.50 • 4 557.01 4 

DRT NT • TARE (g) 594.24 4 747.09 4 730.58 4 701.79 4 453.43 4 

NOISTORE (*) 19.3* 4 28.1* 4 18.7* 4 21.5* 4 30.0* 4 

CUMULATIVE PERCENT 4 COHOLATITE PERCENT 4 COHOLATITE PERCENT 4 COHOLATITE PERCENT 4 COHOLATITE PERCENT 4 

NEIGHT (g) FINER 4 NEIGHT (g) FINER 4 NEIGHT (g) FIHER 4 NEIGHT (g) FINER 4 HEIGHT (g) FINER 4 

TARE (g) 
3" 
2' 
r 
3/r 
3/8" 

14 
110 
120 
140 

160 
1100 
1200 

136.15 
136.15 
136.15 
136.15 
144.68 
1(4.68 
145.75 
161.23 
196.35 
216.09 
265.40 
358.90 
470.71 

t 
100.0X« 3* 
lOO.OXt 2" 
100.0*1 1" 
98.1*» 3/4" 
98.1*4 J/8" 
97.9*4 14 
94.5*4 110 
86.9*4 129 
82.6*4 140 
71.8*4 160 
51.4*4 1100 
27.0** 1200 

159.94 
159.94 
159.94 
159.94 
164.9 
166.39 
170.59 
189.67 
221.97 
267.19 
334.44 
437.24 
580.04 

100.0*4 3" 
100.0*4 2" 
100.0*4 r 

99.2*4 3/4" 
98.9*4 3/8" 
98.2*4 H 
94.9*4 110 
89.4*4 120 
81.7*4 140 
70.3*» 160 
52.8*4 1100 
28.4*4 1200 

102.91 
102.91 
102.91 
102.91 
102.91 
124.8 
148.36 
169.83 
195.22 
223.11 
275.18 
505.38 
662.03 

4 
100.0*4 3" 
100.0*4 2" 
100 .0*4 r 
100.0*4 3/4" 
96.5*4 3/8" 
92.8*4 04 
89.3*4 110 
85.3*4 120 
80.9*4 140 
72.6*4 160 
35.9*4 1100 
10.9*4 0200 

158.37 
158.37 
158.37 
158.37 
183.27 
184.16 
193.25 
205.96 
216.36 
234.19 
267.19 
355.16 
541.91 

4 

3" 
2" 

1" 

3/4" 
3/8" 
14 

110 
120 
140 
060 
0100 
1200 

107.67 
107.67 
107.67 
138.47 
146.89 
160.26 
196.24 
229.39 
255.86 
273.98 
287.95 
308.19 
348.22 

* 

100,0*4 
100.0*4 
91.1*4 
88.7*4 
84.8*4 

74.4*4 
64.8*4 
57.1** 
51.9*4 
47.9*4 
42.0*4 

30.4*4 

BEETS ASTH SAHPLE 4 4 4 4 4 

NO 
4 

SIZE REGOIREHENT? 4 NO 4 NO 4 NO 4 NO 4 NO 4 

DID 4 N/A 4 D10 N/A 4 D10 0.074 4 D10 H/A 4 D10 N/A 4 

D30 4 N/A 4 D30 N/A 4 D30 0.13 4 D30 N/A 4 D30 N/A 4 

D60 4 N/A 4 D60 N/A 4 D60 0.2 4 D60 H/A 4 D60 N/A 4 

• N/A N/A 
4 

4 
Cu 
C x 

N/A 
H/A 

4 

4 
Cu 
Cs • 4 

4 
Co 
Cx 

R/A 
N/A 

4 

4 
Cu 
Cx 

N/A 
N/A 

4 

4 



mrmmtmmmmtmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmimmmmmmmmmmtmm::: 
JfOEISEIET FOB BOISTOBE COBTBS! OF SOUS *PAET A: 

ASTB D-2216 * 
HOBISHEET FOE S1EFI AID HTDEOBETEE *TAHE I: 

* ASIB 0-122 (B0D1F1EP FOE TEHPESATOEE CBAEGE) *TAEE (i): 
-EOEISIEE? FOE DE! FEEFAEATIOI OF SOILS *80IST NT. (g): 

ASTB 0-121 *OVEN DBT HT (g): 
UPDATED 3/20/90 B! 0. OSTEB *HX: 

BATDBAL B01STGEE C0NIEH7*PABT 
t 

S-6 *TABE 9: 
132.66 »TAHE (g): 
783.13 *BOIST HT. (g): 
755.35 »OTEB OET M7 (g): 
1.51XW: 

FINE FEAC710E B01STDEE *PABT 0 
t 

*TABE 

COAESE FEACT1CE EOISIDEI 
* 

t 

• 

t 

t 

t 
mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmtmmmmmmmmmmmmmmmmmnm 

5 *TARE I: FL 
21.98 *TARE (g): 83.12 
119.10 SBOISI HI. (g): 611.29 
118.79 *OVEN OET KT (g): 613.61 
0.33X*HX: 0.093 

- PART B:SEPAEAT10B OF FEACT10BS *PART E: SIEVE OF COAESE FRACTIONS SABFLE: SLA6-1 * 
I mmmmmtmmsmmmmmmmummmmmmm 

HEIGHT TOTAL SABFLE 4 TARE, A1E DBT (g): 911.20 « CDB0LAT1VE PEBCENT * FINAL BESULTS * SIZE OF BINIEDB BASS OF * 
Nil GET OF A1B DBT TABE (g): 191.86 I HEIGHT (g) FINEB 'SIZE FEBCEN7 FINEB > LABGEST 4(10 P0BT10R * 
HE1GBT OF -(10 TABE (g): 191.78 t PABTICLE REQUIRED * 
WEIGHT OF -110 FEACT10R 4 TABE (g): 382.57 STARE (g) 207.80 » 3* 100.OX t 
WEIGHT OF -110 FEACT10B, AIB DBT (g): 187.79 * 3* 207.80 100.oxt 2' 100.OX * 3* 5000g s 
WEIGHT OF 4(10 FEACTOE, AIB DBT (g): 561.55 t 2* 207.60 100.ox* 1* 96.2X * 2* IDOOg : 
DMI DET HEIGHT OF FINES (g): 187.17 « r 235.92 96.2X4 3/1* 85. OX * r 2000g 2 
07IR DET NEIG1T OF COAESE FEACT10N (g): 561.07 * 3/1* 319.86 65.OX* 3/8* 63.9X t 3/1* IDOOg * 
OYER DET WEIGHT OF TOTAL SABFLE (g): 716.21 » 3/8* 178.02 63.9X* 11 13.91 * 3/8' 500g * 
tmtmmmmmmmmmmmtmmmmmtim n 627.82 13.9X* (10 26.91 * 

500g 
* 

PART F: HTDEOBETEE TEST ON FINE FEACT10N t (10 757.77 26.5X* (20 19.61 •BEETS ASTB BEGU1BEBENT? NO * 
s FAN 765.53 25.5X* (10 15.2X tmmmmmmmmmtmm 

HTDEOBETEB TTPE: 152-1 * * (60 11.9X * : 
HTDEOBETEE RUBBER: 15-1515 mmmmmmmmtmmm (100 7.OX t D10: 0.20 * 
3EAIEE RUBBER: 0-3 »PAET G: SIEVE ON FINE FBACT10N * (200 3.9X * D30: 2.50 * 
FLASI RUBBER: 8 t * 0.0192 3.2X * D60: 8.10 t 
SF<jg^GBATlTT: 2.72 t CUMULATIVE PEECENT * 0.0289 2.5X * Co: 12.00 * 
PC ^PlSTED: -(30 t HEIGHT F1NEE * 0.0179 2.2X t CJ: 3.72 t 
101ST II. OF SOIL (g): 93.12 » 0.0113 1.9X * t 
CONNECTED DBT NT (g): 93.11 STABE (g) 91.93 t 0.0066 1.6X mtmmmmmmmmmtm 
?«:  1.00 * (20 119.01 71.IX* 0.0037 1.2X t NOTES: t 
6TANDAED SOLUTION * (10 131.51 57.5X* 0.0023 1.2X t i 
GIRO C0BBECT10N t (60 116.21 11.911 0.0011 1.0X t 

* (100 163.58 26.3U t i 
TEBP. BEAD. * (200 171.36 11.7X* t t 
19.60 5.00 mmmmmmmmmmmmmmmmmmmmmmmmmmmmtmmmmm 
26.60 3.00 ELAF5ED ZEBO COEB. COBB. EFF. CONSTANT t 

T1BE TEBP. HIDEO COEB. FACTOB FACTOB X FINEB DEPTH (TAGs) DIAB. LOG XT0TAL » 
EE B S (•in.) (0 BEADING (C0NTB0L) t a L.ci E (») DIAB. SABFLE * 

0 
9 
9 
9 

10 
12 
17 

0 
1 
3 
8 0 
20 

0 
11 
1 
3 

0 mm 
mm 

0 mm 
mm 
mm 
mm 
mm 

0.00 
1 .00  
3.00 
6.00 

20.00 
60.00 
191.00 

0 mm 181.00 
0 mmiU3.oo 

i 
22.9 15.0 1.06 0.10 0.99 12.03 13.671 0.01332 0.0192 -1.31 3.2X* 
22.9 12.5 1.06 0.10 0.99 9.IX 11.081 0.01332 0.0289 -1.51 2 5X* 
22.8 11.5 1.09 0.10 0.99 8.3X 11.215 0.01332 0.0178 -1.75 2.2X* 
22.7 10.5 1.11 0.10 0.99 7.2X 11.109 0.01332 0.0113 -1.95 1.9X» 
22.7 9.5 1.11 0.10 0.99 6.IX 11.573 0.01332 0.0066 -2.16 1.6X* 
22.8 8.0 1.09 0.10 0.99 1.6X 11.819 0.01332 0.0037 -2.13 1.2X* 
22.6 8.0 1.11 0.10 0.99 1.5X 11.819 0.01332 0.0023 -2.63 1.2X* 
22.1 7.5 1.20 0.10 0.99 3.9X 11.901 0.01332 0.0011 -2.87 1.0X* 

t 
xmmmmmmmmmmmmmmmmmmmmmnmmmmmmmmmmmmmmmmmmmnmmmmmtmmmmtm 

0 
0 

•0JECT: B0RSAST0/BI/FS/ID 
HOJECT EUBEEE: 913-1101 TASE: 208 DAT 
ECENICIAR: BF BEVIENED BT: 
mimtmimmmmmmmmmmmmmmmmmmmmmmtmmmmmmmmmmmmmmmmmmmmmm ki 

11/13/91 
GOLDEE ASSOCIATES ISC. » 
GE0TECES1CAL TESTING LABOEATOE! * 
BEDBOHD, NASI1NGT0N > 

nitimiii 



'W ASSOCIATES ISC., REDHOED, HA 

iSTK M140/C-136 
WASH SIEVE AHALYSIS 

PROJECT 
PROJECT BOHBEE 
EKGIHEEE 
DATE 
TECHHICIAB 
REVIERER 

HOHSAHTO/RI/FS/ID 
913-1101.208 

BAHTOS 
11/16/91 

HE 
w 

SIZE OF LARGEST KIHIKOK HASS OF 
PARTICLE SAKPLE REQUIRED 

110 200g 
14 500g 
3/4' 15D0g 
1' 2000g 
V 4000g 
3' SOOOg 

BOREHOLE -SCKBEB * SLAG-2 * 
SAKPLE BOBBER * * 
DEPTH (ft) t t 

TARE HUKBER * T * 
TARE HT (g) * 107.63 * 
RET HT + TARE (g) » 1045.00 * 
BEY RT + TARE (g) * 1040.20 * 
KOISTORE (J) * 0.01 * 

* COKULATIVE PEECEHT * 
t  REIGHT (g) FIBER » 

TARE (g) t  107.65 * 

3" t  107.65 100.01* 
2' * 107.65 100. ou 
r t  140.15 96.5X* 
3/4* » 280.37 80.4W 
3/8* t  694.92 37. OX* 
14 t  918.20 13. m 
110 t  1010.40 3.2S* 
120 t  1028.90 1.2U 
«40 t  1033.90 0.71* 
160 t  1035.80 0.5** 
1100 t  1037.40 0.3** 
1200 1 1038.60 0.2** 

KEETS ASTH SAKPLE * * 
SIZE REQUIRE8EKT? * HO * 

D10 t  3.80 t  

D30 * 7.90 * 
D60 » 15.00 * 
Cu * 3.9 * 
C t  t  1.1 * 



m ^itt j i ixxxxiniiiniixxxixumxiximnxxxxxxxxixxiixuxxxxxixxiii i inxixxxxxxxixxxxxxxxuxxixxmixxxxxxiximixiii i imxxiixxixxxiii ixixxixxx 

iOEISSIIT FOB BOISTOBE COBTERT OF SOILS *PABT A: 
ASTB 0-2216 * 

iOEISEIET FOB S1E7E BHD BTDBOBETEE *IABE I: 
iSTB 0-122 (BODIFIID FOB TEHPEBATDBE CBAEGI) >TABE |g): 

VOEISBEET FOB OB! PiEPARATIOR OF SOILS *B01ST KT. (g): 
ASTB 0-121 «0!BB OB! RT (g): 
UPDATED 3/20/90 B! 0. OSTEB «3: 

BATOBAL ROISTUEB CORTERT*PABT C 
I 

iltti: 
FIRE FBACT10K BOISTDBE »PABI 0: COABSE FBACTIOB HOISTCEE ' 

t i 

S-2 *TAEE I: 10 »TABB I: DO > 
133.18 >TABE (g): 25.15 *TABE (g): 223.68 * 
531.05 *BOIST HI. (g): 99.91 *BOIST HI. (g): 1261.70 * 
516.15 *0718 OB! ST (g): 96.05 >07EA OB! ST (g):1259.10 * 
3.813»B3: 2.553>B3: 0.513 * 

1 £:SEPAEA71OR OF FBACT10BS *PABT I: SIEVE OF COABSB FBACTIOB' SAMPLE: SLA6-3 

(g): <11GB! TOTAL SABPLI • TAEE, A1B OB! 
HEIGHT OF A1B OB! TABE (g): 
-EIGHT OF -110 TABE (g): 
EEIGBT OF -110 FBACT10B 4 TABI (g): 
•E1GET OF -110 FBACT10B, A1B OB! (g): 
EIGHT OF 4110 FBACTOB, A1B OB! (g): 
?EH OB! KEI63T OF F1BES (g): 
"YES OB! WEIGHT OF COABSB FBACTIOB (g): 
•YES OB! HEIGHT OF TOTAL SAMPLE (g): 

x 
* 
t 
x 
x 

xxxxxxixixiixxiixxxiii ixiixii iuxxxiixxixxiixxixxxixxxxxxx 

1391.90 
191.93 
191.87 
352.68 
157.81 

1012.16 

153.88 
1036.85 
1190.71 

t 
t 
t 
l 
tTABE 

xxxxxxxtxxxxxxxxxxxxxxxxxxxxixtxixmxxxxxixxiixxxxxxxxxxxxxxxxxxxx 

CDBULAT1T! 
WEIGHT (g) 

PEBCEST 
F1IEB 

i 
>5121 

.» 

F1BAL SESULTS 
PEBCEST F1EIB 

(g) 

=AB! F: HIDEOBETE? TEST OB F1BI FBACTIOB 

iTOROBETEB TYPE: 
3TDB0BETEB BOBBEB: 
HEAIEB BOBEEB: 
FLASE BOBBEB: 
HPFSML6BATIT!: - •Rested: 
TOL^T. OF SOIL lg): 
GOEBECTED OB! ST (g): 
Hi: 

GTARDARD S0L0T10B 
GEBO COBBECTIOB 

152B 
15-1515 

7 
7 
2.69 

-810 
83.10 
81.33 
1.00 

3* 
2* 
r 

3/1* 
3/8' 
81 

810 
PAB 

223.89 
223.89 
223.89 
223.89 
259.24 
662.76 
1031.70 
1234.60 
1291.90 

t 
loo.o:> 
100. on 
ioo.on 
97.0X1 
63.11* 
32.21* 
15.1X» 
10.1X1 

t 

3' 
2* 
r 

3/r 
3/8' 

81 
810 
820 
840 
860 
8100 
8200 
0.0506 
0.0293 
0.0180 
0.0111 
0.0066 
0.0036 
0.0023 
0.0014 

100.OX 
100.OX 
100.OX 
97. OX 
63. IX 
32.2X 
15.IX 
9.5X 
6.OX 
1.0X 
2.IX 
1.2X 
1.3X 
1.2X 
1.0X 
1.0X 
0.9X 
0.7X 
0.6X 
0.5X 

I SIZE OF B1XIB0B BASS OF » 
I LABGEST 4810 P0BTI0S X 

PABTICLE BE001BED X 
t J • 
X 3* 5DD0g X 
X 2- lOOOg 1 
t r 2000g : 
X 3/1* lOOOg X 
X 3/8" 500g i 
X X 
•MEETS ASTB BEOOIBEHERT? TES X 
xxxxxxxxxxixxxxxxxxxxxxxxxxxxxxxxxx 
t  X 
t 010: 0.86 X 
t 030: 1.20 X 
t 060: 9.00 X 
t Cu: 10.17 X 
t Cx: 2.28 X 
t X 

TEBP. 
19.60 

BEAD. 
5.00 

>PABT G: S1E7E OB FIXE FBACTIOB > 
t > 

> C0B0LATI7E PEBCEBT > 
> WEIGHT FIXES > 
t 1 
ITABE (g) 71.30 > 
> 820 101.71 62.61* 
> 810 120.58 39.1X> 
> 860 131.06 26.51* 
> 8100 111.35 13.91* 
> 8200 146.30 7.81* 
tsmmtmtmmmmmmmmmtmmmmmmmmmmmmmmsmmmmmt 

mtmttmmmmtmumum 
> BOTES: > 
I  J 
t i 
» * 

l l 

.60 3.00 ELAPSED ZEBO COBB. COBB. EFF. CORSTART i 

TIBE TEBP. BTDBO COBB. FACTOB FACTOB 3 F1BEB DEPTB (TAGE) OIAB. LOG 3T0TAL > 

I IB B S (lis.) (0 BEAD1BG (COBTBOL) t a L,ca I {") OIAB. SAMPLE > 

8 8 19 0 xxxxxx 0.00 X 
8 8 50 0 xxxxxx 1.00 22.8 10.5 4.09 0.40 0.99 8.33 14.409 0.01332 0.0506 -1.30 1.33X 
8 8 52 0 xxxxxx 3.00 22.8 10.0 1.09 0.40 0.99 7.73 14.491 0.01332 0.0293 -1.53 1.2SX 
8 8 57 0 xxxxxx 8.00 22.8 9.0 4.09 0.40 0.99 6.53 14.655 0.01332 0.0180 -1.74 1.03* 
8 9 9 0 xxxxxx 20.00 22.8 9.0 4.09 0.40 0.99 6.53 14.655 0.01332 0.0114 -1.91 1.031 
8 9 49 0 xxxxxx 60.00 22.7 8.5 4.11 0.40 0.99 5.83 14.737 0.01332 0.0066 -2.18 0.9SX 
8 12 10 0 xxxxxx 201.00 22.8 7.5 4.09 0.40 0.99 4.73 14.901 0.01332 0.0036 -2.41 0.7SX 
8 17 2 0 xxxxxx 193.00 22.6 7.0 4.14 0.40 0.99 4.03 14.983 0.01332 0.0023 -2.63 0.61* 
9 9 1 0 XXXXIXJ152.00 22.4 6.5 4.20 0.40 0.99 3.33 15.065 0.01332 0.0014 -2.87 0.531 

umtiuiii ixxxxxxxxxxtxxxxiixxixixxxxxxxxxxxxiaxixxixixxxxxxxxxxxiixixxxxxxxxxxxxxxxxxxxxxixixxxxxxxxxxxxixxxiiux. ixxxiixxxxxxixxixiixixxiiixxxixxxxxxixixx 
"EOJECT: BOBSABTO/B1/FS/1D G0LDEB ASSOCIATES IFC. t 
"FOJEC7 BOBEEB: 913-1101 TASI: 208 DATE: 11/13/91 GEOTECHHICAL TESII8G LABOEATOET > 
•ECB8IC1AR: BF HEYIEKED BT: BEDFORD, SASEIRGTOS > 
ixxiixii i ixiixxxixixixxxxxxixxxxxxxxixxxxxixxxxxxxxxxaxxxxixixxxixixxxxixixxxxxxxixxxxixxixxxxixxixixxxxixixixxxxxxxiiixxxxxxxxxxxxxixxxxixxxiixxxxxxxxxixxxxx 



:n^^Buuuuutuutuuuutuuuuutuuuuuuutiutuumuuuuutuuuutuituuuu<ututuuu*mtmtm(u:u*miuutnttut 
80198IES7* '080*038 •*18 03831133 3R :87I3HSji*I 

1801780871 98US31 173188331039 16/6I/II J17Q 802 :1S71 I0II-6I6 :838808 13300:3* 
OKI S317I30SS7 aiaioo 0I/S3/I8/0187S80R :13S00:8* 

::uuuuuttttuuuutut*ttuuuttttttutuuuutuutttuuuututtttttuuuttu*tutu*ututtuutuuuututut*t*uuutuuuuutttuuuuut 
t 

'.8*8 58 2- 7100*0 26CI0'0 167*71 31*6 00*1 08*0 U'7 0*01 1*22 00'lICI****** 0 06 1 8 t 
:9'TI t9"Z- HOO'O 26610*0 691*71 30*21 00*1 07*0 11*7 0*2! 1*22 00*057 tttttt 06 11 1 t 
:7*71 €*Z- 1600*0 26610' 0 569*61 36*71 00*1 07*0 71*7 0*71 9*22 00*081 tttttt 0 £6 21 1 t 
;zst 02*2- 6900*0 26610*0 192*61 36*61 00*1 07*0 02*7 5*11 7*22 00*09 tttttt 0 £6 01 1 t 
;8"92 86*1- 80I0'0 66610*0 686*21 36*12 00*1 07*0 62*7 0*62 6*22 00*02 mm 0 £5 6 It 
;6*£5 08"I- 0910*0 26CI0' 0 668*11 32*56 00*1 07*0 02*7 0*82 7*22 00*8 tttttt 0 17 6 It 
;6*07 091- J5Z0*0 2CCI0' 0 611*01 35*27 00*1 07*0 71*7 0*66 9*22 00*6 tttttt 0 96 6 It 
;i*25 6CI- 6070'0 26610*0 107'6 31*75 00*1 07*0 71*7 0*17 9*22 00*1 tttttt 0 76 6 It 

00*0 tttttt 0 66 6 It 

310R7S *HTIfl (") I is'l t 7 (1081803) 9810738 (3) (*«») S 8 88 flt 

ITlOiX 301 *H?ia (SDH) 81330 83813 3 801373 801373 '8803 08018 '3831 3RI1 t 
1K71SX03 '333 *8803 '8803 0S3Z 03S3713 00*6 09*92 t 

titttttntitititttttiititttttttiitniiiuittittttiittitiiiiitiiiiiiiuuiuiututitiiKttiimut 00*5 09*61 t 
t *31*01 96*121 0021 t '0731 '3R31 t 
t t3£*06 17*611 0011 t 1 
t tn 7100*0 *36*86 95*10! 091 t 8011333333 033Zt 
> 39'11 7200*0 *31*66 96*901 071 t 80110103 037(38713* 

:S3108 t 37'71 1600*0 *36*66 98*901 021 t 00*1 :,8* 
lutuuuuuuutuuuuutuu 32*61 6900*0 t 81*901 (3) 3871* £8*99 :<?) 18 130 0313333G3t 

t 38*92 6010*0 t 66*99 :(*) 1I0S 30 '18 ISIORt 
7/8 :r3 » 36*66 0910*0 t 83813 1E9I3X t Oil- :031S31 8011:03* 

Jfe 7/8 :B3 * 36*07 2620*0 t 1833838 31U710RQ3 t 59*2 -*1111789 313' > 
7/8 =osa * 31*25 60)0*0 t t 1 :838R08 . 
7/8 =060 I 35'19 0021 t 80113783 3811 80 313IS :D 1373t 52 :338R0B 33I738t 
7/8 =010 * 36*99 0011 xtttttxtxxxxxxxxtxutxxxxxxxixxxxx 5151-51 :83SR08 8313R08013t 

t 32*56 091 t t 8251 :3311 8313108012* 
:utututuuuutuuuututttt 30*96 071 132*96 06*711 873 t t 

08 118183810318 R1S7 S1338t 32*96 021 t3£*96 59*711 Oil t 80113783 3813 80 1S31 8313R030I8 I 1870* 
I 36*96 Oil *30'16 £8*211 71 ************************************************************ 

3008 .8/e i 30*16 71 *32*96 71*601 .9/6 t 66*852 :(*) 310R7S 17101 30 18913* 180 8I1C* 
80001 .7/6 » 32*86 .9/6 *30'001 21*50! .7/6 * 19*01 :(») 80113783 3S8703 30 18913* 180 8310t 
80008 .1 i 30*001 .7/6 *30 001 21*501 .1 t 99*172 -(3) S38I3 30 18913* 180 SIA0* 
80007 .2 t 30*001 .1 *30'001 21*501 .2 t 11*01 :(*) ISO 817 '8013783 Oil* 30 18513** 
80003 .6 * 30*001 .2 *30'001 21*501 .6 t 72*872 :(3) I3Q HI? '80113783 Oil- 30 18913** 

I 30*00! .6 t 21*501 (») 387it 95*556 :(*) 3871 • 80113733 Oil- 30 IS3I3.X* 

03810338 11311878 f 26*101 •*(9) 3871 Oil- 30 18311** 
8011303 Oil* 1S39871 t 83813 1833833 3ZIS> 83813 (3) 189138 t 67*101 :(3) 3871 180 817 30 18513** 

30 S37R RQRI8IR 30 IZIS < S110S38 17813 t 1833333 31117108113 • t 77*096 :(*) 180 817 *1871 * 310R7S 17101 185!3*« 
:uuuuu*uutututtttuuuuututttttttttuututtuttttttt t t 

l-iSflfl ;318R7S 180113783 3S8703 30 313IS '3 I87J* S80U378I 30 80I173733S:J 1370* 
mmiiimniniiimiimuttiimimiimiimnmmiimiiimitiiiiiimmiiiiiitimiitnmiiniimiiiiiitiitiimiimuummmmmiimii 

tseo ::*mz'o :38t362'0 :38* 831SO '0 18 06/02/6 0317000 t 
55*511 :(8) 18 180 8310* 82*21 :(') 18 180 8310t 01*689 ••(3) 18 180 8310* 127-0 R1S7 * 
65*811 :(8) '18 ISIORt 96*21 :(*) '18 ISIORt 02*169 :(') '18 ISIORt S1I0S 30 80117870380 ISO 803 133E3I-G«t 
11*501 :(8) 387U 80*82 M8) 387it 81*091 :(3) 8871* (838783 380178S3R31 803 03I3I00R) 227-0 R1S7 t 
5-1 1 1871* £6 :l 3871* 3 1 3871* 8313*03018 087 313IS 803 133831:08* 

I t t 9122-0 R1S7 t 
3801SIO* 80113783 3S8703 :3 1873* 3S31SI0R 80113783 3813 =3 1878tl831803 33Q1SI0R 1780178 -1 1878t S1I0S 30 1831803 3SGISI0R 803 13383I2C** 
uuttttuutuuuuuttuuuuututttuutttuututttututttttttttttuutuuuuuuuuttttttututtuutuuuutututtuuttuuttttttuttttutttu 

• 



"•'ISEEET fOR B015TBRI COXIEST OF SOILS 'PART A: XATBEiL E01STDBE C0HTZ87*PAET C: FIXE FRACTIOR E01STBEE 'PART 0; COARSE FRACTIOR EDISivE! ' 
1CTM tl-5'16 » * 1 ... ! ASTE 0-2216 

OEISSEET FOE SIEVE ADD ITBBOEETER 
A£TE 0-122 (BOOIF1ED FOE TESPERATORE CliEGI) 

iORlSHEET FOE BE! P2EPARAT108 OF SOILS 
ASTE 0-421 
OPDATEO 3/20/90 BT B. OSTER 

*IARE »: 
'TARE (g): 
'801ST XT. (g): 
'OVER BE! 1! (g): 
*XX: 

IE 'TABS I: 
167.S4 'TIE! (g): 
874.70 WIST XI. (g): 
829.70 'OVER BE! KT (g) :  

6.8OX*EI: 

39 'TARE I 
25.09 mil (g): 
72.75 WIST HI. (g): 
69.23 'OVER BE! XT (g) :  
7.97im: 

5 
69.02 
223.51 
217.77 
3.861 

t 
* 

j 

t 
> 

*PAET X: SIEVE OF COARSE FRACTIOR* SAEPLE: BOST-2 * 
i  utt t t t t i t tut t ixtntuuMttuti t t t t tui i t t t tumntt i tmttMi 

t  COEULATIVE PEECERT 
* BEIGE! (g) FIXES 

PART B:SEPARAT10R OF FBACT10XS 

'EIGHT TOTAL SAHPLE * TAEX, AIE BET (g): 
•"EIGHT OF AIR BR! TARE ( f ) :  
"EIGHT OF -110 TAEX (g): 
HEIGHT OF -110 FEACT10R 4 TARE (g): 
-EIGHT OF -HO FRACTIOR, AIE BET (g) :  
•EIGHT OF *flO FRACTOR, AIE BE! (g): 
.VII BR! WEIGHT OF FIRES (g): 
OVER BR! HIGH! OF COARSE FRACTIOR (g): 
•VEX BR! WEIGHT OF TOTAL SAHPLE (g): 

t 
t 
t 
* 
t 

i 

t 

t 

413.41 
101.49 
101.49 
258.11 
156.62 
155.30 
145.05 
149.53 
294.58 

< 

'SHE 
.i 

FIXAL EESBLTS 
FEBCEXT FIXER 

-ART F: BIDE0EETE2 TEST OX FIXE FRACTIOR 

'TARE (g) 
3" 
2" 
1* 
3/4" 
3/8* 
14 

no 
FAX 

HTBROHETEB TIPE: 
i!BEOKETER EBEBER: 
EEAIER XBEBEE:' 
JLASUUHBER: 
S'^BGUTITT: 
?I ̂ TESTEB: 
S01S! XT. OF SOIL (g): 
30REECTEB BE! XI (g): 
Hi: 

STARBAEB SOLBTIOX 
ZERO CORRECTI OX 

TEEF. REAB. 
19.60 5.00 
26.60 3.00 

152B 
15-1515 
BLI 
4 
2.59 

-110 

64.41 
59.65 

1 .00  

68.94 » 3' 100.OX 
68.94 100.OX* 2' 100.OX 
66.94 100.OX* 1' 90.2X 
97.73 90.2X* 3/4* 90.2X 
97.73 90.21* 3/8" 75.6X 
140.95 75.6X* 14 66.6X 
167.21 66.6X* 110 56.2X 
195.11 S6.2X* 120 45.8X 
212.03 51.4X* 140 39.2X 

* 160 34.3X 
mm**************************** 1100 27.IX 
'PART G: SIEYE OX FIXE FRACTIOR * 1200 19.TX 
» * 0.0470 17.9X 
* CDEBLATIYE PERCEXT * 0.0278 14.IX 
* XE1GET FIXES * 0.0174 10.7X 
* * 0.0111 8.8X 
'TARE (g) 69.02 * 0.0065 6.9X 
* »20 79.97 81.6X* 0.0037 6.OX 
t MO 87.08 69.7X* 0.0024 5.5X 
t 160 92.19 61.2X* 0.0014 4.9X 
* 1100 99.85 48.3X* 
* 1200 107.71 35.IX* 

SIZE OF BIXIEOE EASS OF * 

LARGEST *810 POET IOX * 

PARTICLE EEGOIEEB t 
t 

3" 5000g * 
• 

2* 4000g * 

1* 2000g • 

3/4" lOOOg * 

3/8" 500g t 
* 

*EEETS ASTE REGOIBEBEBT? XO * 
mm***************************** 

BIO: 
030: 
B60: 
Cu: 
Ci: 

R/A 
X/A 
X/A 
R/A 
X/A 

mtti*»**m**t*****t***t****ttx* 
* ROTES: * 
* > 
* » 

* * 
t > 

'3 EE 

ELAFSEB 
TIES 

(•in.) 
TEEF. 
(0 

ETBBO 
EEA01XG 

I«mu:lu^tt>^**i*^^*«*nl*»^*^*l***l»**l»*'*"*»******»"","",u",",'H,,""""",,M, 

IEEO CORE. COBE. EFF. CORSTAXT ' 
COEE. FACTOR FACTOR X FIXEE BEFTB (TiGs) BIAS. LOG XTOTAL » 

(CORTBOL) t a L.ca I (aa) BIAS. SAEFLE * 

9 
9 
9 
9 
10 
12 
17 
7 

22 
23 
25 
3D 
42 
22 
32 

2 
29 

0 ****** 
0 iitm 
o ****** 
D mm 
C ****** 
D ****** 
D ****** 
0 ****** 

0.00 
1 .00  
3.00 
8.00 
20.00 
60.00 
190.00 
460.00 

0 ******1327. 

22.6 
22.6 
22 .6  
22.6 
22.6 
22.6 
22.8 
22.2  

22.5 
16.5 
15.0 
13.0 
11 .0  
10.0 
9.5 
9.0 

4.14 
4.14 
4.14 
4.14 
4.14 
4.14 
4.09 
4.26 

0.40 
0.40 
0.40 
0.40 
0.40 
0.40 
0.40 
0.40 

1.01 
1 .01 
1 .01 
1 .01 
1 .01 
1 .01 
1 .01 
1.01 

31.8X 
25. OX 
19.IX 
15.7X 
12. JX 
10.6X 
9.9X 
8.7X 

12.441 
13.097 
13.671 
13.999 
14.327 
14.491 
14.573 
14.655 

0.01332 
0.01332 
0.01332 
0.01332 
0.01332 
0.01332 
0.01332 
0.01332 

0.0470 
0.0278 
0.0174 
0.0111 
0.0065 
0.0037 
0.0024 
0.0014 

-1.33 
-1.56 
-1.76 
-1.95 
-2.19 
-2.43 
-2.63 
-2.85 

t 
17.9X5 
14.IX: 
10.75* 

8.8X* 
6.9Xi 
6.0X1 
5.5X> 
4.9X* 

U*t***^ll*J^l^*^********t******'****^*********"***""***'*'*********"***"t,*"l"**,*,,,',,,,,^,,',**,,*,,',*,,,,,,",l,',**,,*,,,t, mmtimtu******* 
PROJECT: H0XSAXT0/E1/FS/ID 
PROJECT ROBBER: 913-1101 TASE: 208 WE: 11/13/91 
TICEX1C1AX: EF REVIEW BT: 
t,^jj^nn,,i,nmitttttititts*tti>!tit*ttttt***tt»t>>»t******"****************'*i*********'*,,mm<mmmmmmmmmm ******************** 

GOLBER ASSOCIATES IXC 
GEOTECBRICAL TESTIXG LAEOEATOE! > 
BEBEOXB, XASHIRGTOX « 



mmmmtmummttmmmmmsmmtnmmmmmmmmmttmmmmmtmmmtmmmtmmsmmmmmmmV 
:iI5BXIT FOi H01STBBI COBTIHT OF SOILS 

ASTK D-2216 
!E15BXE7 FOP SIITI III 1TDB0HETIB 

ASTK 0-422 (H0BIF1ID FOE TEHPEBATOBI CBAH5I) 
IBISEIIT FOi Oi! PBIPABAIIOH OF SOILS 

ASTH 0-421 
UPPATID 3/20/90 JT 0. OSTii 

»PAB! A: BATDBAL HOISTOBI COH!EHI*PAEI C: Fllii FBACIIOH HOISTDBE *PAET 0: COAESi FBACTIOS HDISIUEI * 
t l l i 
»TABI I: 3A *TABE I. 17 STAEE t: « * 
»IABE (|): 1S2.42 »TABI (*): 24.75 »TABI (g): 106.95 » 
*H01ST *7. (|): 705.79 *H01ST HI. (|): 79.49 *B01S! *7. (g): 205.31 * 
*OYEB DBT *7 (g): 625.52 *07111 0B7 HI (g): 79.01 *OTIH BET HI (g): 204.79 * 
**3: 16.973m: 0.883m: 0.533 * 

ixxxxxxxxuxuxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxtxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
is: B:SBPABA7I0t OF FBAC7I0BS *PAB7 

I 
I: SIEVE OF COABSE FBAC7I0H* SAHPLI: DUST 3 

mmmmmsmtmummmmmmmmmtmtmmmi 
IISET 707AL SAEPLI 4 7ABI, AIB OBI (g): 496.70 t C0H0LA7ITI FEBCEHT * F1HAL BISOLTS * S1ZI OF HIHIHOH HASS OF * 
USE! OF AIB OB! 7ABI If): 207.90 > HEIGB? (g) FIIIE *SIZI PIBCIHT F1RIB i LABGIST 4110 POBTIOH * 
:IS!7 OF -110 TAPE (g): 207.85 i- PAB71CLI EIGOIEID t 
UGET OF -110 FBACIIOH 4 TAPE (g): 397.80 *TABE (g) 106.63 X 3* 100.03 X 
•IGS7 OF -110 FEAC7I01, AIB OB! (g): 189.95 * 3' 106.63 100.03* 2' 100.03 X 3* SOOOg i 
-ISS7 OF 4010 FEACTOH, AIB OBT (g): 98.85 * 2* 106.63 100.03* 1* 100.03 X 2' 4000g i 
'II OBT HEIGB! OF F1EES (g): 168.28 * V 106.83 100.03* 3/4* 100.03 X r 2D00g 

lOOOg 
t 

ill OBT HUGE! OF COAESi FBACIIOH (g): 98.33 i 3/4* 106.83 100.03* 3/8* 92.43 X 3/4* 
2D00g 
lOOOg * 

IB OBT *11 SB! OF TOTAL SAEPLE (g): 286.61 t 3/8* 126.54 92.43* 14 86.13 X 3/8* 500g t 
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 14 146.61 86.13* 110 76.23 X 

500g 
t 

E! F: BTDEOEIIIE IIS! OS Fill FBACIIOH * 110 169.18 76.23* 120 71.93 *HEITS ASIH BIQ01BEHERT? HO * 
X PAH 188.90 71.43* 140 68.13 xxxxxxxxxxxxxxxxtxxxxxxxxxxxxxxxtxx 

DBOEITIE IIPE: 152B X t 160 62.13 X * 
DBOEETEE HOHEIB: 15-1515 xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 1100 50.33 X BIO: H/A X 
AIEB HOHEIB: 22 »PABT G: ! SIEVE OH F1HI FBACIIOH * 1200 34.93 t B30: H/A X 
ASI HOHBIB: 6 X t 0.0441 28.23 X B60: H/A X 
TCF«C GBAT17T: 2.67 X COKOLATIVI PIBCIHT * 0.0265 22.63 X Cu: H/A 
E ISTIO: -110 X WEIGHT F1BIB > 0.0168 17.53 X C:: H/A m 
IS. .... OF SOIL |g): 76.97 X- 0.0107 15.43 X 
EEICIIO OBT HI (g): 76.30 mn (g) 77.17 X 0.0063 12.93 xtxxxxxxxtxxxxxxxxxxtxxxxxxxxxxxxxx 

1.00 t 120 83.39 91.83* 0.0039 10.93 X BOTES: X 
AHOABO SOLOIIOH * 140 87.03 87.13* 0.0024 9.53 X X 
50 COBHICTIOH 1 160 92.95 79.33* 0.0014 6.03 X X 

X 1100 104.39 64.33* X X 
ESP. BEAD. X 1200 119.42 44.63* X X 
3.60 5.00 
60 3.00 ELAPSED ZIBO COBB. COBB. IFF. COHSIAHT a 

T1HI HHP. HTDBO COBB. FACIOB FACIOB 3 FIHIB BIP7E (TAGs) DUB. LOS 3T0TAL * 
IB H S (iia.) (C) BIADIHG (COH7BOL) t a L,ci I (») BIAH. SAEPLE * 

11 9 57 0 mn» o.DO t 
11 9 58 0 tutu l.oo 22.1 31.5 4.29 0.40 1.00 36.03 10.965 0.01332 0.0441 -1.36 28.23* 
11 10 0 0 xxxxxx 3.00 22.1 26.0 4.29 0.40 1.00 28.93 11.867 0.01332 0.0265 -1.58 22.63* 
11 10 5 0 xxxxxx 8.00 22.1 21.0 4.29 0.40 1.00 22.33 12.667 0.01332 0.0168 -1.78 17.53* 
11 10 17 0 xxxxxx 20.00 22.1 19.0 4.29 0.40 1.00 19.73 13.015 0.01332 0.0107 -1.97 15.43* 
11 10 57 0 xxxxxx 60.00 22.2 16.5 4.26 0.40 1.00 16.53 13.425 0.01332 0.0063 -2.20 12.93* 
11 12 34 0 *i**ti 157.00 22.4 14.5 4.20 0.40 1.00 14.03 13.753 0.01332 0.0039 -2.40 10.93* 
11 16 58 0 ****** 421.00 22.6 13.0 4.14 0.40 1.00 12.13 13.999 0.01332 0.0024 -2.61 9.53* 
12 8 28 0 ******1351.00 21.9 12.0 4.34 0.20 1.00 10.33 14.163 0.01348 0.0014 -2.86 8.03* 

•xxxxxxxxxxxxxxxtxxxxxxxxxixxtxxxxtuxxxxtxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxzxxxtxxxxxxxxxxttxxxxxxtxxxttxxxxxxxxxxxxxxxtxxxxxxxxxxxxxxxxxxxxxxxxtxxxxtxixxxxxx 

-WT: H0HSART0/B1/FS/1D GOLOBE ASS0C1A7ES IHC. i 
JIC7 HOHEIB: 913-1101 7ASI: 208 DATE: 11/13/91 GIQTICEHICAL 7BS7IH5 LAB0EA70B7 * 
riKlCliR: HF BETIIIilD B7: EEBEOHB, MiSSIHSTOK i 
••ttxxxxxxxxxxxxxxxxxxxxxxxxxtxxxxxxxixtxtxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxttxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxttxxtxxxxxxxxxxxxxxtxxtxxxxxxxxxxtxxxt 



ummiuimmiimmnmnimummnmmmmmmmmmmjmmmmummmmtmmmmmummmmmmmmnmnmm 
*>• A. VTDP ppifuftt ympvnfir *MS« TV. nmntr rsipvtni' MMT*fl97 * 

»KOEISEEET FOE BOISTDBE C0BTEH7 OF SOILS 
» ASTB B-2216 
'HOEISBEET FOB SIE7I ABB ETPEOBETEB 
* ASTB D-422 (MODIFIED FOB TEBPEEATDEI CBABGI) 
*H0BISBEE7 FOB BET PEEPAEATIOB OF SOILS 
* ASTB D-421 
* UPDATED 3/20/90 BT D. OSTIB 

«PAET 
t 
mBI «: 
*TAEE (g): 
*E0IST HT. (g): 
*0TEB BE! HI (g): 
•EX: 

IATDSAL EOISIBBI C0BTEE7*?ABT C: FIBB FEACTIOB EOISTDEB *PABT B: C0AP.SE FEACTIOB B015T0BE 
I * 

S-9 *TABE t: 16 *TABE I: 6 
135.98 tTABI (g): 25.24 *TABE (g): 90.97 
682.58 *B0IST XT. (g): 72.64 »B01ST KT. (g): 104.79 
594.24 *07111 BB7 *7 (g): 68.61 *0TBH BE! *1 (g): 104.05 
19.28X*EX: 9.29X*tfX: 5.66X 

MtlttlltMMlIllllllltlJnillHllltlllltMttltMtniMWttMtHUMtJtMMItHnttMHtlltHIMMllMWtttttMJttMlllHlHMMIHItMHIUIHHHUJItltHlll 

*FAE7 
t 

B:SEPABAT10fi OF IBACT101S *PAET I 
t 

Sim OF C0ABSI FEACTIOB* SAMPLE: 0BBEBFL0W-1 
t t t t iutmmttt t i t t t t tnmtwtntt t t t t tut i t t tuutmmiinu 

»KEIGET TOTAL SAEPLI 4 TABE. All BET (g): 296.22 * CDH0LATI7I 
*HEIGBT OF All BBI 7ABE (g): 106.75 t WEIGHT (g) 
'HEIGHT OF -110 7AEI (g): 106.81 *-. 

91.00 *KE1GBT OF -110 FEACTIOB 4 TAB! (g): 281.81 •TARE (g) 91.00 
»KE1GET OF -110 FEACTIOB, A1B BET (g): 175.00 X 3' 91.00 
*HE1GET OF 4110 FBACTOE, AIE BET (g): 14.47 i 2* 91.00 

*07EB BET VIIGBT OF FIBI5 (g): 160.12 t r 91.00 
•OYER BET KE1GBT OF COARSE FEACTIOB (g): 13.70 t 3/4* 91.00 
•OYER BET KIGBT OF TOTAL SAEPLI (g): 173.62 * 3/8" 91.00 
stimmmmtts*ti»*mtt*tttmsit*mtmmtm*"*t* 14 92.29 
•PART I: STBBOMETEE TIST OB FIBI FEACTIOB t 110 99.66 
* t PAB 102.60 

PEECEBT 
F1BBE 

t 
*SI1! 

.1 

FIBAL BESDL7S 
PEBCERT FIBEE 

*H7BB0HITEB TTPE: 
•BTBB05ETEB BDEBBE: 
tfiAIBE BOMBEB: 
*?LASL EDEEIE: 
*'̂ W GBAT1TT: 
t\Wm TESTED: 
*B0IST KT. OF SOIL (g): 
tCOEEECTEB BE! 117 (g): 
*Bi: 
*S7AHDAFD SOLDI108 
*ZEB0 C0EEEC710B 
i 
* TEMP. BEAD. 
i 

152B 
15-1515 
GOL 
3 
2.60 

-110 
80.77 
73.90 
1.00 

* 

100.OX* 
100.ox* 
100.0X* 
100.05* 
100.ox* 
99.3X* 
95.OX* 
93.3X* 

t 
tmmmmtmmmttmttitt* 
*PAS7 G: SIS7I OB FIBB FBACTIOS * 
t * 
* C0EBLATI7E PEBCEB7 * 
* HEIGHT FIBEB * 
* * 

76.35 
81.49 
84.27 
86.56 
93.54 
108.51 

*7ARE (g)  

* 120 
* 140 
* 160 
* 1100 

* 1200 

* 

93.OX* 
89.3X* 
86.25* 
76.7X* 
56.5X* 

3* 
2* 
r 
3/4* 
3/8* 
14 
110 
120 
140 
160 
1100 
1200 
0.0416 
0.0256 
0.0163 
0.0106 
0.0063 
0.0033 
0.0022 
0.0013 

100.OX 
100.OX 
100.0X 
100.0X 
100.OX 
99.3X 
95. OX 
68.4X 
64.81 
81.95 
72.9X 
53.7X 
44 45 
33.31 
26.61 
21.91 
17.3X 
12.7X 
11.41 
9.3X 

SIZE OF 
LABGES7 
PAE71CLB 

B1S1E0B EASS OF '• 
4110 P0B710B 
SEQD1BED 

3* 
2* 
r 
3/4' 
J/8' 

5000g 
4 OOOg 
2000g 
lOOOg 
5D0g 

•MEETS AS7E EE801BEBEBI? B0 > 
mm****************************: 
t 

B10: B/A * 
B30: B/A * 
B60: B/A * 
Cu: B/A 
Cx: B/A * 

t 
mm****************************; 
* BOIES: * 
t . 
* 
t 
» 

*m**»*******«»***»**************m***********************************************************ms 

* 26.60 3.00 ELAPSED ZEEO COEE. COEE. IFF. COBSTABT 
LOG 

• 
4 

t 
3.00 

TIBI TEMP. HTBEO COEE. FACTOB FACTOB X FIBEB BEPTB (TAGs) B1AM. LOG XT0TAL » 

*B BE B S (lis.) (C) EIAB1BG (COBTEOL) t * L,ci I (»») B1AI. SABPLE » 

* 8 8 
8 

27 0 ****** 0.00 : 

* 6 
8 
8 28 0 ****** 1.00 23.0 37.5 4.03 0.70 1.01 46.7X 9.981 0.01317 0.0416 -1.38 44.45= 

* 8 8 30 ( ****** 3.00 23.0 29.0 4.03 0.70 1.01 35.IX 11.375 0.01317 0.0256 -1.59 33.35= 

* 8 8 
8 

35 0 ****** 8.00 23.0 24.0 4.03 0.70 1.01 26.3X 12.195 0.01317 0.0163 -1.79 26. sr. 
* 8 

8 
8 47 0 tttttt 20.00 22.9 20.5 4.06 0.40 1.01 23. OX 12.769 0.01332 0.0106 -1.97 21.9X' 

* 8 9 27 
8 

D ****** 60.00 22.8 17.0 4.09 0.40 1.01 18.2X 13.343 0.01332 0.0063 -2.20 17.JX: 

< 8 12 
27 
8 0 ****** 221.00 22.8 13.5 4.09 0.40 1.01 13.41 13.917 0.01332 0.0033 -2.48 12.7X* 

* 8 16 
8 

59 0 ****** 512.00 22.6 12.5 4.14 0.40 1.01 12.OX 14.081 0.01332 0.0022 -2.66 11.4X* 

* 9 
16 
8 56 0 ******1469.00 22.4 11.0 4.20 0.40 1.01 9.8X 14.327 0.01332 0.0013 -2.88 9.3Xi 

iPBOJECI: E0BSAB70/EI/FS/IB ASSOCIATES 1BC. 
*FE0JECT EUBEEB: 913-1101 7ASI: 208 BATE: 11/13/91 
*7ICEHIC1AB: BF BETIEMED B7: T?VQ 
IMy | l l l l I IJ t int t tHI»It l I I l I I I l l l l l t l l t»tHII»II I I»»III tH»Mlt l IHt l l l l l l J I»»UtJ l**MK*«Ult t l l l l t imtI l t* l I t** ' I l IUI ' IH*I t tHII I I l I tMt i» :  

GEOIECBBICAL 7IS71BG LABOBAIOET 
BIDBOKD, BASS1HG70B 



.uttmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmxmmxmmmmmmmmimmm 
3F1SHEET FOB H01STDEE COBTEBT OF SOILS 

ASTH D-2216 
•OEISEEET FOB SIEFE BED HTDBOHETEB 

ASM D-422 (EOD1FIEP FOB TIHPIEiTDBI CBABGE) 
•DEISEIET FOB DET FEEPARATIOB OF SOILS 

ASTH D-421 
UPDATED 3/20/80 BT D. OSIIB 

*FABT A: BA70BAL BOISTORE COHTESHPABT C: FIKE FEACT10R BOISTUBE »PAB7 D: COARSE FEACTIOR I! 
» * * 

»TABE I: AZ *TAEE I: 12 *TABE I: B4 
*TARE U): 159.8S *TABE (g): 25.13 »TAEE (g): 70.38 
*HOIST BT. (g): 912.00 *HOIST BT. (g): 70.36 »BOIST BT. (g): 94.25 
*OTIR KB! BT (g): 747.09 *OTEB DET BT (g): 69.87 *07ES DET BT (g): 94.03 
W: 26.09X*BX: 1.10X*BX: 1.413 

# isrra 

. X x x x x x x x x x x x x x x x x x x x x x x x x x x x x t x x x x t x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x t x x x x x x x x x x x x x x x x x t x x x x x x x x t t x t x x t x x x x x x x x x t t x x x x t x x x x x x x t x x x x x x x x x x x x x x x x x x x  

-BET B:SEPAEAT10H OF FBACTIOBS 

'"EIGHT TOTAL SAEPLE < TAEE, AIB BET (g): 376.88 
EIGHT OF AIB DET TAEE (g): 78.39 

'SIGHT OF -110 TAB! (g): 77.18 
•SIGE7 OF -110 FBACTIOB * TAEE (g): 359.24 
•EIGET OF -F10 FBACTIOB, AIB DET (g): 282.06 

EIGHT OF 4110 FBACTOR, AIB DET (g): 16.43 
FEB DET BEIGHT OF FIBES (g): 279.00 
FEB DE! BEIGHT OF COAB.SE FBACTIOB (g): 16.20 
FEB DET BEIGHT OF TOTAL SAMPLE (g): 285.21 
mmmmmmmmmmmmmmmmmmm* 
AHT I :  BTDEOiETEB TEST OB FIBS FBACTIOB 

SIEVE OF COABSE FBACTIOB* SAMPLE: DBDEBFLOB-2 
t x x x x x x x x x x x x x i x x x x t x x x x x x t t x x x x x x x x x x x x x x x t x x x x x x x x x x x x x x x x t x x x x x  

COHDLATITE 
BEIGHT (g) 

PEBCEBT 
F1BEB 

l 
ISIZE 

-i 

FIBAL BESOLTS 
PEECIBT F1BEB 

:TDEOHETEB TTPE: 
:TDEO!ETEB BOHBEB: 
EAIEB BOHBEB: 
LASI BOHBEB: 
PECmC GBATITT: 
T TESTED: 

-i. OF SOIL |g): 
DEEECTED DBF IT (g): 
t: 
TABDAED SOLDTIOS 

"EEC COEEECIIOB 

152H 
15-1515 

4 
2 
2.76 

-110 
60.05 
59.40 
1.00 

3" 
2* 
1* 

3/4" 
3/8" 
14 

110 
120 
140 
160 
1100 
1200 
0.0433 
0.0263 
0.0167 
0.0107 
0.0063 
0.0035 
0.0023 
0.0014 

100.03 
100.03 
100.03 
100.03 

99.63 
99.13 
97.23 
94.03 
91.73 
88.23 
78.23 
56.83 
48.23 
37.03 
28.23 
24.23 
19.43 
14.73 
14.03 
11.83 

1 SIZE OF HIBIHDH HASS CF * 
t LARGEST 4110 POETJOB * 

1 
PABT1CLE EEQ01BED * 

J 

t 3* 5D00g * 
1 2" 4000g * 
t 1* 2000g > 
« 3/4" lOOOg * 
t 
• 

3/8- 500g * 
* 

*HEETS ASTH BE5D1REHERT? RO * 

TEHP. 
19.60 

BEAD. 
5.00 

IPABT E 
I 
t 
* 

i 

*TABI (g) 78.36 * 
I 3* 78.36 100.03* 
* 2* 78.36 100.03* 
* 1* 78.36 100.03* 
* 3/4' 78.36 100.03* 
* 3/8' 79.55 99.63* 

14 81.11 99.13* 
* 110 86.71 97.23* 
* PAB 89.18 96.33* 
I * 
x x x x x x x t x t x x x x x x x x t x x t x i x x x x x x x x x x  
»FABT G: SIETE OB FIBE FBACTIOB * 
t t 

* COHOLATITE PEBCEBT * 
> BEIGHT FIEEB * 
i * 

tTAEE (g) 108.44 > 
* 120 110.40 96.73* 
* 140 111.79 94.43* 
* 160 113.91 90.83* 
* 1100 120.04 80.53* 
* 1200 133.09 58.53* 
mtmsummmmmmmmmmmmmmmmttmmmmmmmmmmmmm 

D10: B/A 
D30: B/A 
D60: B/A 
Cu: B/A 
Cz: B/A 

t t x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x  
X 
X 
t 
t 
I  
* 
I 
mm**************************** 
* BOTES: 
t 
* 
*_ 

t 

60 3.00 ELAPSED ZERO COEB. COBB. EPF. COSSTABT 
T1EE TEHP. BTDBO COBB. FACTOB FACTOB 3 F1BEB DEPIB (TAGs) D1AH. LOG XTOTAL 

I B H S Uit.) (0 BEAD1BG (COBTBOL) t a L,ci E (M) D1AH. SAHPLE 

11 9 2 0 x x x t x x  o.OD 
11 9 3 0 x x x x x x  i.oo 22.2 34.0 4.26 0.40 0.98 49.63 10.555 0.01332 0.0433 -1.36 48.21 
11 9 5 0 mm 3.00 22.2 27.0 4.26 0.40 0.98 38.13 11.703 0.01332 0.0263 -1.58 37. OX 
11 9 10 0 mm 8.00 22.2 21.5 4.26 0.40 0.98 29.03 12.605 0.01332 0.0167 -1.78 25.2X 
11 9 22 0 mm 20.00 22.1 19.0 4.29 0.40 0.98 24.93 13.015 0.01332 0.0107 -1.97 24.15 
11 10 2 0 mm so.DO 22.2 16.0 4.26 0.40 0.98 20.03 13.507 0.01332 0.0063 -2.20 19.45 
11 12 30 0 x x x x x x  208.00 22.4 13.0 4.20 0.40 0.98 15.13 13.999 0.01332 0.0035 -2.46 14.75 
11 16 53 0 ****** 471.00 22.6 12.5 4.14 0.40 0.98 14.43 14.081 0.01332 0.0023 -2.64 14. OX 
12 8 23 0 ******1401.00 21.9 11.5 4.34 0.20 0.98 12.13 14.245 0.01348 0.0014 -2.87 11.8X 

t x x x x x x x i x x x x x x x x x x x x x x x x x x x x x x x x x x x t x x x x x x x x i x x x x x x x x x x t x x x x x x x x x x x t x x x x x x x x x x x x t x x x x x x x t x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x t x t x x x t x x x x x x x x x x x x t x x x x x x x x x x x x x t x x  
•OJECT: 
•OJECT BOHBEB: 
ECESICIAR: 

HOBSABTO/E1/FS/ID 
913-1101 

HP 
TASI: 
BETIEBED BT: 

208 DATE 11/13/91 
GOLDEB ASSOCIATES IBC. 
GEOTECBH1CAL TESTIBG LABOEATOET 
EEDHOBD, BASBIBGTOB 

. ******************* mmmi*m*imm»m**m*m»mmmmmm*mmm*»m***m*m*m*»*m*m*m*m**mmmmmm*m***mmm 



mimmmmmmmmmmmuimmmmmmmmmmmmmmmmmmmmmmmmmimmmmmmmitmmmmmm 
KOBISSEET FOS BOISTDHE COSIEST OF SOILS 

ASTM D-2216 
BOBESBEET FOB SIEVE BID SFDBOMETEB 

ASTB D-422 [MODIFIED FOB TEBPE3AT0BE CB1BG!) 
X0EIS1EET FOB DBF PBEPABATIOB OF SOILS 

ASTB D-421 
UPDATED 3/20/90 BT D. OSTIB 

'PABT 1: BATDBAL BOISTOBE COBTEBT»PART C: FIXE F3ACT10H KOISTOSE *PABT D: COA3SE F3ACTIOS BOISTDEE 
i 
*TABE I: 
»T4BI (|): 

.'HOIST XI. (g): 
XOVER Di! XT (g): 
tXX: 

« 

J <TABE I: 
107.20 tTABE (g): 
£08.96 'HOIST XT. (g): 
<94.77 «07EX DB7 X7 (g): 

29.46X*MX: 

> 

19 *TARE »: 13 
25.31 >TABE (g): 77.13 
8B.34 'HOIST XT. (g): 87.42 
87.31 SOVEB DB7 XT (g): 87.28 

1.66X'XX: 1.38X 
ttuntiiiittttmttmiittiiimiittiiiitutimttmtmtttmiMt"'"""")""""""'""""""'"""""""""""""""""1"""""""" 
PABT B:SEPABAT10I OF FBACT10XS tPABT I: SIEVE OF COABSE FBACTIOB* SAMPLE: OXDEBFLOX-3 

t mntinttnimtttimtmnut»iimiimnttiutttiitti:!:t:: 
XEIGBT TOTAL SAMPLE * TABE, AIB DBF (g): 654.71 t COMOLATI7E 
WEIGHT OF AIB DBF TABE (g): 316.38 > XEIGBT (g) 
WEIGH? OF -110 TABE (g): 316.46 
WI1GET OF -110 FBACTIOB 4 TABE (g): 643.54 'TABE (g) 77.18 
WEIGHT OF -410 FBACTIOB, AIB DBF (g): 327.08 t 3* 77.18 
WEIGHT OF 4110 FPACTOX, AIB DBF (g): 11.25 t 2' 77.18 
OVER DBF XEIaBT OF FIXES (g): 321.74 t r 77.18 
0FEB DBF XE1GBT OF COABSE FBACTIOB (g): 11.10 t 3/4* 77.18 
37EX DBF XEIG3? OF TOTAL SAMPLE (g): 332.83 t 3/3* 77.18 
mmismmmmmmtmmmmmmmmmmn 14 79.71 
PABT F: E7DB0METEB TEST OX FIXE FBACTIOB ' 110 82.93 

i PAX 85.66 

PEBCEXT 
FISEB 

t 
(SIZE 

-« 

FIXE BESOLTS 
PEBCEXT FIXES 

HTDE0XETE8 TTPE: 
fflKEB XOXBEB: 
L.^POXBEB: 
FLASI XOXBEB: 
SPECIFIC 6BAV1T7: 
POBTIOX TESTED: 

'HOIST XT. OF SOIL (g): 
•C08BECTED DBF XT (g): 
•Ba: 
:STAXDABD SOLOTIOX 
-IEEO COBBECTIOI 

152B 
15-1515 

SA 
3 
2.77 

-110 
68.97 
67.84 
1.00 

TEHP. 
19.10 

BEAD. 
5.1 

« 3' 100.OX 
100.OX' 2' 100.OX 
ioo.ox> r ioo.ox 
100.0X« 3/4" 100.OX 
100.0X* 3/8* 100.OX 
100.OX' 14 99.2X 

99.27' tlO 98.3X 
98.37' 120 98.37 
97.5X' 140 94.6X 

x i 160 90.2X 
ttmmmmmmmmmmu 1100 73.IX 
'PABT 6: SIE7E OB FIXE FBACTIOB < 1200 55.OX 
i < 0.0431 45.2X 
' CDH0LATI7E PEBCEBT ' 0.0261 36.8X 
' XE16BT FIXED ' 0.0168 26.9X 
» ' 0.0107 24.OX 
'TAPE (g) 75.89 ' 0.0064 17.7X 
' 120 75.89 100.0X> 0.0037 15.9X 
> 140 78.41 96.3X' 0.0026 12.IX 
' 160 81.47 91.8X* 0.0014 9.2X 
> 1100 93.26 74.4X' 
> 1200 105.75 56.OX* 

SIZE OF M1XIM0M MASS OF 
LARGEST 4110 POSTICS 
PABTICLE BI90ISED 

3* 5000g 
2* 4000g 
r 2000g 

3/4' lOOOg 
3/8" 500g 

t 
t 
-j 
t 
i 
t 
t 
t 
t 
t 
'MEETS ASTB BEQ01BEMEXT? XO 
mmmmmmtmmmmm 
t 

X/A 
X/A 
l/A 
X/A 
X/A 

D10: 
D30: 
D60: 
Cu: 
Ci: 

t 
* 
t 
I 
> 
> 
tmmmmmmmmmmm 
» BOTES: 
* 

» 

» 

l 

mmmmmmmmmmmmmmmmmmmmmmimmmmimmmmmim 
25.70 2.50 ELAPSED ZEBO COBB.- COBB. EFF. COXSTAXT 

TIME TEMP. BTDBO COBB. FACTOR FACTOB X FIXED DEPTH (TAGs) D1AM. LOG XTOTAl » 
D IB M S (Bin.) (C) BEAD1X6 (COXTBOL) t a L.ci I (») DIAM. SAMPLE ' 

15 11 25 0 mm o.oo 
15 11 26 0 mm 1.00 21.2 36.0 4.20 0.20 0.98 46. OX 10.227 0.01348 0.0431 -1.37 45.2X* 
15 11 28 0 mm 3.00 21.2 30.0 4.20 0.20 0.98 37.4X 11.211 0.01348 0.0261 -1.53 36.85' 
15 11 33 0 mm (.00 21.2 23.0 4.20 0.20 0.98 27.31 12.359 0.01348 0.0168 -1.78 26.95' 
15 11 (5 0 mm 20.00 21.1 21.0 4.24 0.20 0.98 24.45 12.687 0.01348 0.0107 -1.97 24.05' 
15 12 25 0 mm 60.00 21.2 16.5 4.20 0.20 0.98 18. OX 13.425 0.01348 0.0064 -2.20 17.TX* 
15 14 25 0 ""*» 180.00 21.8 15.0 3.98 0.20 0.98 16.IX 13.671 0.01348 0.0037 -2.43 15.95* 
15 17 32 0 mm 3(7.00 22.1 12.0 3.86 0.40 0.98 12.3X 14.163 0.01332 0.0026 -2.58 12.;*' 
16 B 38 0 "m'1273.00 20.4 11.0 4.51 0.00 0.98 9.3X 14.327 0.01365 0.0014 -2.84 9.25* 

mmmmmmmmmmmmmmmmmmmmmmmmmmnmmmmmmmmmmmmtmammmmmmmmmmmm: 
PBQIICT MOXSAXTO/BI/FS/ID GOLDEB ASSOCIATES IXC. 
F-JH kXOXBEB: 913-1101 TASI: 206 11/13/91 GEOTECBX1CAL TEST1BG LABOEATCBF « 
M 1AB: BA REVIEWED BF W) BEDMOXD, NASBIXGTOB 
mimmmmmmmmmmmmxmmmmmmmmmmmmmmmmimmmmmmmmmmmmtmmmmmmmmmm 



**....uitmmtmmimnHtmmmmmumumtmmmimmmmmtmmmtmtmmimmmtmmttmmtmmtmmtntttA 
HOBISBEET FOE BDISTDBE COETEBT OF SOILS *PAET A: 
> ASH D-2216 * 
HOBISBEIT FOE Sim AED ETDEDHETEF *TABE I: 
* ASH D-122 (BODIFIID FOE TEBPEBATDBI CBABGE) *TABE (g): 
H0EI5BEIT FOE DEI PEIPAEATJOE OF SOILS HOIST KT. (f): 
* ASH D-121 *OTE8 DEI KT (g): 
* UPDATED 3/20/50 IT D. OSTEE W: 

ui 
t.l lATOBAl HOISTUBI COETEBTHABT C: F1HE FEACTIOH HOISTOBE »PAET D: COAESI FEACTIOE SOISTUEi 

» t 
1-2 *TABE I: 31 *TAEE I: FOIL 
102.8T *TABE {*): 25.00 *TABE (g): 11.53 
818.00 HOIST KT. (g): 75.93 HOIST KT. (g): 97.14 
730.58 WEE DET KT (g): 73.05 WEE DE! KT (g): 87.12 
16.71XHX: 5.99XHX: 13.20X 

«PAEI I:SEPAEATIOE OF FEACT1DES 
I 
HIIGBT TOTAL SAHPLE 4 TAEE, All NT (g): 
•WEIGHT OF A1E DET TAEE (g): 
HEIGHT OF -110 TAEE (g): 
•WEIGHT OF -110 FEACTIOE 4 TAEE (g): 
•WEIGHT OF -110 FEACTIOE, All DET (g): 
•WEIGHT OF 4110 FEACTOE, All DET (g): 
•07EE DET KEISET OF F1EES if): 
WEE DET KEISET OF COAESE FEACTIOE (g): 
WEE DET KE1GBT OF TOTAL SAIPLE (g): 

i 
* 
t  
t  
t 

tmmmmtsimmmmsmsmmmmitmmmms 
t 
t 
i 

160.29 
191.89 
191.81 
370.03 
175.22 
90.18 
165.31 
79.66 
211.97 

•PAST E: 
* 
i 
t 
t  

•TAEE (g) 

SIEVE OF COAESE FEACTIOE* SAHPLE: SLOEET-1 
tmmnmmummmtmmimmsmtsnmmmmmm 

C0H0LATITE 
WEIGHT (gj 

PEECEET 
F11EE 

t 
•SHE 

.* 

F1EAL EES0LTS 
PEECEET FliEB 

•PAST F: BTDEOHETIB TEST OE FIEF FEACTIOE 

HTDEOHETEE TYPE: 152B 
'BTDEOHETEE BOBBIE: 15-1515 
•BEAIEB EDHBEB: A 
•FLiSI EDHBEB: 2 
•S'-'MC GBATITT: 2.56 
•I 1 TESTED: -110 
HOxai KT. OF SOIL (g): 71.00 
•COBBECTED DBF KT (g): 65.99 
Hi: 1.00 
iSTAKDABD SOLOTIOE 
'ZEEO COEBECTIOE 

* TUP. BEAD. 
' 19.60 5.00 

65.50 • 
3' 65.50 100.OX* 
2' 65.50 100.0X* 
r 65.50 100.ox* 
3/1* 65.50 100.0X1 
3/8' 86.53 91.IX* 
II 91.95 89.2X< 
110 96.19 87.3X* 
PAE 113.72 8D.3X* 

i 
mm**************************** 
•PAST G: SIEVE OH FIBE FEACTIOE * 
l t 
* COHOLATITE PEECEET * 
* WEIGHT FIEEB • 
i * 

•TABE (g) 76.12 • 
* 120 78.38 97.IX* 
* HO 81.77 92.OX* 
* 160 87.83 83.OX* 
* 1100 110.58 19.OX* 
* 1200 127.57 23.6X* 

3" 
2' 
r 
3/1" 
3/8-
II 

110 
120 
110 
150 
1100 
1200 
0.0185 
0.0281 
0.0176 
0.0112 
0.0065 
0.0033 
0.0022 
0.0013 

100.OX 
100.OX 
100.OX 
100.0X 
91.IX 
89.2X 
61.3 J 
84.8X 
80. IX 
72.5X 
12.83 
20.6X 
16.35 
H.9X 
12.2X 
11. OX 
B.3X 
7.7X 
7.OX 
6.2X 

* SIZE OF 
* LABGEST 
-* PAET1CLE 
t 
t 
* 
t 
* 
t 
» 

•BEETS ASH BIQ01BEHIBT? BO * 
miiiiiitiiuitiiiimiiitntmt; 
* 

E/A 
B/A ' 
B/A 
B/A 
B/A 

3* 
2* 
r 
3/1" 
3/8' 

D10: 
D30: 
060: 
Cu: 
Cx: 

H1HIH0E HASS OF 
4110 POBIIOS 
BESDIEED 

SOOCg 
IDOOg 
20D0g 
lOOOg 
500g 

tttitxtitnimtutitimmttm: 
* BOTES: * 
* i 
* i 
* J 

t i 

* 26.60 3.00 ELAPSED ZEBO COBB. COBB. EFF. COBSTABT * 
* THE TEHP. HTDBO COBB. FACTOB FACTOB X FIEEB DEPTB (TAGej D1AH. LOG XTOTAL * 
•D 1 IB I S (•in.) (0 BEAD1EG (COBTBOL) t a L,ci I (••) DIAH. SAHPLE * 

8 8 16 0 ****** 0.00 t 
8 8 17 0 ****** l.OD 22.6 17.5 1.11 0.10 1.02 20.9X 13.261 0.01332 0.0185 -1.31 18.3H 
8 8 19 0 ****** 3.00 22.6 15.0 1.14 0.10 1.02 17.IX 13.671 0.01332 0.0281 -1.55 11.9X: 
8 8 21 0 titttt 8.00 22.1 13.0 1.20 0.10 1.02 11.OX 13.999 0.01332 0.0176 . -1.75 12.2X1 
8 8 36 0 ****** 20.00 22.6 12.0 1.11 0.10 1.02 12.5X 11.163 0.01332 0.0112 -1.95 11.OX* 
8 9 16 0 ****** 60.00 22.6 10.0 1.11 0.40 1.02 9.5X 11.191 0.01332 0.0065 -2.18 8.35* 
8 12 7 0 ****** 231.00 22.8 9.5 1.09 0.10 1.02 8.8X 14.573 0.01332 0.0033 -2.18 7.7X1 
8 16 58 0 ****** 522.00 22.6 9.0 1.14 0.10 1.02 8.OX 14.655 0.01332 0.0022 -2.65 7.0X1 
9 8 55 0 ******1179.00 22.1 8.5 1.20 0.10 1.02 7.IX 11.737 0.01332 0.0013 -2.88 6.2X1 

mmiumtnmimnmmmnmmimmmmmnmnmmmtnmmmmmtmusmmtmmmmmttmmmmmmmmnmmm: 
PBOJICT: EORSAETO/E1/FS/1D GOLDEB ASSOCIATES IEC. * 
PEDJECT EDHBEB: 913-1101 TASE: 208 DATEl... 11/13/91 GEOTECBEICAL TESTIEG LAEOHATOBT * 
TECEK1C1AS: HF EEVIEKID BT: VVO EEDHOHD, KASBIHGTOE * 



x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x t x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x  
*MDBISBEET FOB E0IS7DBX C0S7ES7 OF SOILS 
* ASTB 0-2216 
sHOBISEEET FOE SIETE iSB BTDBOHETEB 
* ASTB 0-422 (MODIFIED FOB 7ESPSBA70BI CSABGX) 
«MOBISEEET FOE DET FEEPAEATIOE OF SOILS 
* ASTB 0-421 
* UPDATED 3/20/90 BT 0. OSTEE 

*?ABT A: BA7U3AL HOISTUSE CORTEET'PABI C: FIRE FEACUOH BOISTDSE *PAET 0: COABSE FBACTI05 S0IS7DH: 
* t t 

*TABE I: B *TARE 3 18 *TABE I: 8 
*TABE (g): 158.36 *TABE (g): 25.02 «IAEE (g): 25.02 
*B0IST MT. (g): 818.50 *B0IST MI. (g): 51.89 «H0IST MI. (g): 36.82 
»OTEB DEI MI (g): 701.79 *OTEE DEI MI (g): 50.81 *OTEH DEI MI (g): 34.68 
•MM: 21.48X*MX: 4.19X*HX: 22.15* 

x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x t x x x x x -
>PAET BiSEPASATlOX OF FEACTIOES 
x  
*MEIGBT TOTAL SABPLE * TAEE, AIE DEI (g): 
•NI1GBT OF AIE DEI TAEE (g): 
SHEIGET OF -110 TAEE (g): 
«MEIGBT OF -110 FBACTIOE 4 TIE! (g): 
*MEIGBT OF -110 FEACTIOE, AIE OBT |g): 
•WEIGHT OF 4910 FBACTOE, AIE DET (g): 
*OTEE DET WEIGHT OF FI8ES (g): 
•OTIH DET NEIGET OF COABSE FEACTIOE <g): 
•OTEH DET HEIGHT OF TOTAL SAEPLE (g): 

519.91 
194.81 
194.81 
503.51 
308.70 
16.40 

296.29 
13.43 

309.72 

•PABT E: 
x  
t 
X 
t  

mEE (g) 

SIE7E OF COABSE FEACTIOE* SAHPLE: SLDBBT-2 
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXtXXXXXXXXXXXXXXXXXXXXtXXXXXX: 

COHOLATITE 
MEIGET (g) 

PEBCEET 
FIEEE 

t 
•SIZE 
-* 

FIEAL EESOLTS 
PEECEET FIEEE 

1521 
15-1515 

4 
4 
2.31 

-110 
78.09 
74.95 
1 .00  

t 
> 
x  
x  
X 

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXIXXXXXXXXXX 

•PABT F: HTOBOEETEE TEST OE FIEE FEACTIOE * 
t i 

•HTHROHETER TTPE: 
*BTDBOEETER SDHSEB: 
•BEAEEB EOEBEB: 
'jflnOHBEB: 
Vnc GEA71TT: 

•PuBlIOE TESTED: 
•HOIST MT. OF SOIL (g): 
ICOEEECTED DET MT (g): 
*Bi: 
*STAEDAFD S0L9TI0E 
•ZEBO COBBECTIOR 
i  

TEHP. 
19.60 

76.41 * 
3* 76.41 100.OX* 
2* 76.41 100.OX* 
1' 76.41 100.OX* 

3/4* 76.41 100.OX* 
3/8" 76.41 100.OX* 
14 76.49 100.OX* 

* 110 77.46 99.7X* 
* PAE 78.62 93.31* 
x t 
x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x t  
•PABT G: SIEVE OE FIEE FEACTIOE * 
t t 
* CUHULAT1VE PEBCEET * 
* MEIGBT FIEEE * 
t x  
STARE (g) 78.42 
* 120 79.37 
* 140 81.57 
* 160 85.38 
* 1100 97.84 
* 1290 118.97 

x  
98.7X* 
95.85* 
90.7X* 
74.IX* 
45.9X* 

3" 
2" 
r 
3/4" 
3/8* 
14 

110 
120 
140 
960 
tlOO 
1200 
0.0456 
0.0274 
0.0172 
0.0111 
0.0065 
0.0036 
0.0023 
0.0013 

100.OX 
100.OX 
100.OX 
100.ox 
100.ox 
100.ox 
99.7X 
98.4X 
95.5X 
90.41 
73.8X 
45.7X 
33. IX 
24.6X 
18.91 
14.6X 
11.IX 
8.3X 
7.5X 
5.9X 

t SIZE OF EIE1E0E HASS OF 
* LAEGEST +910 POET101 

f 
PASTICLE REQUIRED 

i  3" 5000g 
t 2" 4000i 
t r 2000e 

t 3/4* lOOOg 
t 
« 

3/8" 500g 

*HEETS ASTE BE80IBEHEET? TES 
msmmmmtmsmmum; 
X 

D10: |/A 
D30: E/A 
D60: E/A 
Cu: E/A 
Ci: E/A 

5.00 

t 
x  
X 
X 
t 
t 
x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x  
* ROTES: 
t 
t 
t 
t 

x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x i x x t x x x x x x x x x x x x x x x x x x x x x  
* 26.60 3.00 ELAPSED ZEEO COEE. COEE. EFF. CORSTAET 
* THE TEEP. BTDSO COBE. FACTOB FACTOE X FIEEE DEPTB (TAGs) DUE. LOG XTOTAL 
*D I 
t ... 

IB B S (•in.) IC) EEAD1EG (COSTS01) t a L,ci E (») DIAE. SAHPLE 

* 8 8 38 0 x x x x x x  o . O O  
* 8 8 39 0 mm i.oo 22.9 27.0 4.06 0.40 1.07 33.3X 11.703 0.01332 0.0456 -1.34 33.! 
* 8 8 41 0 mm 3.00 22.9 21.0 4.06 0.40 1.07 24.7X 12.687 0.01332 0.0274 -1.56 24.6 
* 8 8 46 0 x x x x x x  0.00 22.8 17.0 4.09 0.40 1.07 19. OX 13.343 0.01332 0.0172 -1.76 18.9 
* 8 8 58 0 x x x x x x  20.00 22.8 14.0 4.09 0.40 1.07 14.7X 13.835 0.01332 0.0111 -1.96 14.5-
* 8 9 38 0 ****** 60.00 22.8 11.5 4.09 0.40 1.07 11.IX 14.245 0.01332 0.0065 -2.19 u.r 
* 8 12 3 0 ****** 205.00 22.8 9.5 4.09 0.40 1.07 8.3X 14.573 0.01332 0.0036 -2.45 8.3. 
* 8 17 1 0 ****** 503.00 22.6 9.0 4.14 0.40 1.07 7.5X 14.655 0.01332 0.0023 -2.64 7.5: 
* 9 
t  

8 58 0 ******1460.00 22.3 0.0 4.23 0.40 1.07 5.9X 14.819 0.01332 0.0013 -2.87 5.9' 

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXIXIXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXIXXXXXXXXXXXXXXXXX. 

*PBOJICT: EORSARTO/BI/FS/ID GOLDEE ASSOCIATES 1EC. 
•FSOJECT EOBBEE: 913-1101 TASE: 208 DATU,^ 11/13/91 GEOTECBEICAL TEST1SG LABOEATOBT 
mSHlCIAR: IF EE7IEMED BT: Vvfl EEDEORD, MASilEGTOS 

x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x x :  
IT^^ 



II 
XDEISEEET FOE BCISTDBI COBTEKI Of SOILS 

ASTE B-2216 
'XOBZSSEET fOE S1ETE ABB ETBBOEETEB 
« ASTE B-422 (EOB1FIED FOE TEEPEBATOBE CEAEGZ) 
'XOJISHEE! FOE BE! PSEPABATIOB OF SOILS 

ASTE B-421 
DEBATED 3/20/90 B! B. OSTEE 

•PAST A: EATDEAL I01SI0EE COS!E»T«PAET C: JIBE FEACTIOE BOISTOEE »PABT D: COAESE FEACTIOE EOISTDEE 
I 
•TAEE I: 
•TAB! (g): 
•EOIST XT. (|): 
•07ES BE! X! (g): 
»XJ: 

I 
! t!AEE I: 
107.S3 »!ABE (g): 
S57.00 »BOIS! XI. (g): 
453.A3 *0!EE BE! XI (g): 
29.95X»XX: 

* 

31 «TABE I: 
25.02 »!AEE (g): 
70.23 »B01ST X!. (g): 
69.06 tOVEE BE! X! (g): 
2.66X»XX: 

12 
76.13 
06.05 
65.76 
3.80S 

mmmimittmiimmmmiimmmmmmtmitmsmnmmimmtmimmmmmmmmmmsmmutmmmmmmimummn 
'PAE! B-5EPAEAII0B OF FEACIIOIS 

(g) :  tXUGET TOTAL SAHPLI • TAPE, AIE BE! 
'XEIGE! OF AIE BE! !AEE (g): 
•XEIGEI OF -110 TAPE (g): 
HEIGHT OF -110 FEACUOE 4 TAEE (g): 
XEIGE! OF -010 FEACUOE, AIE BE! (g): 
-XEIGB! OF 4110 FBACTOK, AIE BE! (g): 
OTEH BE! XEIGE! OF FIRES (g): 
OYER BE! XEIGB! OF COAESE FEACUOE (g): 
OYER BET XEIGE! OF TOTAL SAEPLE (g): 
miinmtimmimmisuutmmmnmmmmms 

t 
i 

t 

558.56 
274.17 
274.16 
548.38 
274.22 
10.17 
267.12 
9.80 

276.92 

•PAE! E 
t 
i 

t 
t 
•TAEE (g) 
t 
t 
t 
< 
t 

S1EYE OF COABSE FBACTIOR* SAKPLE: SLOEET-3 
mmmmmmmmmmummmmmmsmmumim 

CDHULAT1TE 
XEIGE! (g) 

PEECEET 
F1EEE 

t 

•SIZE 
-a 

FIEAL RESULTS 
PEECEET FIEEE 

PAE! F: HTBBOiETEB TEST OE FIEE FEACTIOE 

BTBEOHITEE TTPE: 
•EIBEOSITEE EOEBEE: 
EEAEEI EOEBEE: 
'FLASI EOEBEE: 
SP̂ UC SEAT]!!: 
F TESIEB: 
"Elu.. XT. OF SOIL (g): 
COEEICTEB BE! X! (g): 
Ei: 
5TAKPA5B SOLOIIOE 
ZIEO COEEECTIOE 

152B 
15-1515 

25 
1 
2.25 

-110 
69.88 
68.07 
1.00  

IMP. 
19.10 

EEAB. 
5.00 

t 
t 

i 
t 

78.06 • 
78.06 100.0X» 
78.06 100.OH 
78.06 100.0XS 

4' 78.06 100.0H 
8' 78.06 100.OH 
14 78.43 99.9H 
110 79.33 99.5H 
PAE 80.81 99.OH 

t 
mtmmmmmmmmmm 
•PAE! G: S1EYE OE FIEE FEACUOE « 
i t 
« CDBDLAIIYE PEECEET • 
• XEIGB! FIEEE » 
t > 

70.75 » 
70.75 100.OH 
72.80 97.OH 
73.85 95.4H 
75.95 92.4H 
80.02 66. AH 

•TAEE (g) 
120 
140 
160 
1100 
1200 

3* 
2* 
r 

3/4-
3/6* 
14 

010 
120 
140 
160 
1100 

0200 
0.0395 
0.0231 
0.0146 
0.0097 
0.0059 
0.0036 
0.0025 
0.0014 

100.01 
100.OX 
100.01 
100.OX 
100.OX 
99.9X 
99.51 
99.51 
96.5X 
95. OX 
91.9X 
86. OX 
66.3X 
63.9X 
56.41 
46.91 
38.7X 
26.81 
26. IX 
18.IX 

SIZE OF HIXIBOE EASS OF 
LAEGEST 4110 POETIOE 
PARTICLE EEQD1EEB 

3* 5D00g 
2" 4000g 
r 2000g 
3/4* lOOOg 
3/8" 5D0g 

l 
t 

-I  
I  
I  
t 
t 
t 
t 
t 
•BEETS ASTE BE901BESEXT? EO 
tmimmmmsmmmmms 
t 

B10: E/A 
B3D: E/A 
B6D: E/A 
Cu: B/A 
C:: E/A m 

t 
t 
l 
t 
t 

t 

» BOTES: 
t 

i 
t 
t 

mmtmtmmmmttmmmmmmummmmmmmmmmmumtmmmmm 
70 2.50 ELAPSEB ZEEO COEB. COEB. EFF. CORSTART 

TIEE TEBP. ETBEO COSE. FACTOB FACTOE X FIEEE BEPIB (TAGs) B1AE. LOG XTOTAL » 
BE E S (lie.) (C) EEAB1EG (COETEOL) t a L, ei E (») D1AE. SAEPLE • 

15 11 4 0 ••> < 0.00 
15 11 5 0 »«» < 1.00 21.1 46.0 4.24 0.20 1.08 66. EX 8.587 0.01348 0.0395 -1.40 66.3H 
15 11 7 0 »»• « 3.00 21.1 44.5 4.24 0.20 1.08 64.2X 8.833 0.01348 0.0231 -1.64 63.9X* 
15 11 2 0 »»• • 8.00 21.1 41.0 4.24 0.20 1.08 58. EX 9.407 0.01348 0.0146 -1.84 58.4X1 
15 11 4 0 »»« • 20.00 21.1 35.0 4.24 0.20 1.08 49. IX 10.391 0.01346 0.0097 -2.01 48.9H 
15 12 4 0 •»« < 60.00 21.2 28.5 4.20 0.20 1.08 38.9X 11.457 0.01348 0.0059 -2.23 38.TH 
15 14 4 0 <•• > 180.00 21.8 22.0 3.98 0.20 1.08 28.9X 12.523 0.01346 0.0036 -2.45 28.8H 
15 17 0 0 ••« » 376.00 22.1 20.0 3.86 0.40 1.08 26.2X 12.851 0.01332 0.0025 -2.61 26.in 
IE 8 7 0 •»« •1283.00 20.3 16.0 4.55 0.00 1.08 18.2X 13.507 0.01365 0.0014 -2.85 18.in 

PEOJECT: EOSSAETO/B 
PROJECT EUEEEB: 913-1101 
TECEE1C1AE: BA 

tmsmmmmmmmimmmmmmmtmmmmmmtmmtmimmtmmmmmmmimtmmmms 
/FS/1B 

TASE: 
BEUEXIB B!: 

208 BATE: 11/13/91 
GOLBEE ASSOCIATES 1EC. 
GEOTECBEICAL TEST1SG LAB0P.AT0BI 
EEBEOKB, XASEIEGTOE 

mmmmmimmnttmmmmmntusmmtmmntmmmmmimimnmmmimmmmtmmmtmtmtmmmmrmnimium 
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US Standard Sieve Sizes 
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GOLDER ASSOCIATES IRC., REDHORD, HA 
SIDE! COSIEST CAICOLATIOS SHEET 
D-2216 

PROJECT: BOSSARTO/RI/FS/1D 
PEOJ. SO: 913-1101.208 
DATE: 11/21/91 
TECS: HE 
BEY1EH: 

BOR1SG SO. SAHPLE SO. SET ST. DRT ST. TARE ST. TARE H01STDRE 
(g) (g) i t )  HO. (*) 

C 1 281.41 274.50 90.03 F 3.7 
C 2 183.06 171.90 76.34 2 11.7 
C 3 176.42 164.90 75.90 OB 12.9 
Q 1 334.52 328.90 73.80 39 2.2 
Q 2 333.35 328.76 74.47 36 1.8 

PO 1 109.87 101.77 25.24 16 10.6 
PO 2 71.72 67.04 24.60 17 11.1 
PO 2R 93.95 86.80 25.03 33 11.6 
PO 3 86.46 80.29 25.18 15 11.2 
TD 1 50.67 49.13 25.14 10 6.4 
TD 1R 65.77 60.66 25.08 27 14.4 
HDF 1 101.90 98.02 25.08 36 5.3 
SDE 1A 100.32 96.55 25.01 24 5.3 



SAMPLE 
C-1 

1 Pycnometer number LO V>2 

Temperature at weighings (°C) 
71.0 

11.1. 

Weight flask + soil + water (Wb) ce?.o<? 

Weight flask + water (Wa) G> S"£,feZ 
(Wa-Wb) 

Evaporating dish number 

Weight dish + dry soil Wl'.l 7 
Weight dish 

Weight dry soil (W0) 

Temperature factor (K) 0 

Gs/control temperature ' 
Wo 

%+(wa-v\y 

Gs/20°C - Wo 

vv(wa-\Ay * = 1-7°) 

Comments: 

jocmtol -/-AiroKgU ^J?1' t>i*e,ue. prior "ho 

* Figure 
SPECIFIC GRAVITY DETERMINATION, ASTM D854 

/Vj C ni,a*.+ o / t I / Pt, / T /) , . ^ 
p ^ N o — p  f  '  DM. _  Hi-  G O I d e r  A s s o c i a t e s  



CAMPI P C 2s 

| 
Pycnometer number 

L & l D $  

Temperature at weighings (®C) 
92. o 

vtX 

Weight flask + soil + water (Wfa) Clf.f, 2  
Weight flask + water (Wa) £5^. <oZ. 

(Wa-Wb) - 1 tp.oo 

Evaporating dish number • 

Weight dish + dry soil 1 K,31 

Weight dish 'of. il 

Weight dry soil (W0) 7 2 . 7 7  

Temperature factor (K) 0 . 1 1 %  

Go/control temperature •  M 

Gs/20°C - Wo 

vv(wa-\\y 

%+(wa-v\y 

— • K — LZ2. 

Comments: pcvSS<.^ - ^-L, / 0 u< ^ ^v. j i 

p r i o r  4o 4 < / W V u .  

Figure 
SPECIFIC GRAVITY DETERMINATION, ASTM D854 

/^i •:1 /  £ j l ' /  F$ /  X h , , , ^ 
Pn»MNa_iLL>-n f? I '  Da. AgwwdBy-^ GOldT AMOCl«tM 



SAMPLE C ~ 

Pycnometer number Lo zo£ 

Temperature at weighings (®C) 
7?,2 
27. 3 

Weight flask + soil + water (W^) nr,r& 

Weight flask + water (Wa) 

<Wa-Wb) -> 6. er 

Evaporating dish number fnA 
Weight dish + dry soil ) (0 l.tl 

Weight dish (OS. 1 \ 

Weight dry soil (W0) cs io 

Temperature factor (K) 

Gs/control temperature < 
Wo 

GS/20°C. Wo 

v\fc+(wa-\Ay 

%+(wa.\Ay 

• K - L 4 j 

Comments: 

pn'.r 4°  

Figure 
SPECIFIC GRAVITY DETERMINATION, ASTM D854 

PlOfMI 
Prowa No. 

/ < L  /  P S / r i )  ,  .  
«• f > l > - n  p  I ,  '  t U  "IILiy, T—wd _cu . AeerevedBr- 2222: 29) Golder Associate* 



SAMPLE 

Pycnometer number LOioZ 1 

Temperature at weighings (®C) 2.2. V 

Weight flask + soil + water (W^) 

Weight flask + water (Wa) CSZ,io 
(Wa-Wb) -19.29 

Evaporating dish number A 
Weight dish + dry soil /£r vo 

Weight dish 

Weight dry soil (Wo) 

Temperature factor (K) 

Gs/control temperature - Wo 
%+(Wa-wy 

GS/20°C. Wo 
. K -

z%.e i  
v^+(Wa-\Ay * " " > 0 , 9 6 9 $  -  2 . 6 S -

Comments: 

f A i t t d  4 - L r e * ^  3•/tfS/ev* -/* 

Figure 
SPECIFIC GRAVITY DETERMINATION, ASTM D854 

p — /  f i . 1 - /  /  T I T  
Propa "» It D I ' r,— / ( . Da*. ' h b j * l  . AccrondBy. -W- ?J) Goldar Associate* 



SAMPLE 

Pycnometer number 6020? 

Temperature at weighings (°C) 
H.9 
2A.\ 

Weight flask + soil + water (Wb) W1* 
Weight flask + water (Wa) £?£ .6Y  

(Wa-Wb) -Z7.il 

Evaporating dish number 1 

Weight dish + dry soil IW.of 

Weight dish to 3.9/ 

Weight dry soil (W0) <19. IS 

Temperature factor (K) 0 .4996  

Gs/control temperature 
Wo 

vv(wa-\Ay 

GS/20°C- Wo 
v^>+(wa-viy •  K  -  -Y  0 ,39  06 -  2 .5 *7  

/7.5V 

Comments: 

p /'c, ,'e^ ri 0 

Figure 
SPECIFIC GRAVITY DETERMINATION, ASTM D854 

^'MvircV ^ T—«d By Mk _AWW«,By_5*!r © OoldW A-PCllf ProjMI 
Pro)*el No. 



Pycnometer number to to® 

Temperature at weighings (®C) 
6<*. 3 
20.7 

Weight flask + soil + water (Wfa) 671?, HO-

Weight flask + water (Wa) (oS*̂ 0) 

(Wa-Wb) 
-Ik. 6 1 

Evaporating dish number 
2 0  

Weight dish + dry soil 
i 2 k . 7 U  

Weight dish 1 0  1.66 

Weight dry soil (W0) II? .Of 

Temperature factor (K) o . Q W  S  

SAMPLE PO 'I 

Gs/contro! temperature Wo 
%+(wa-v\y 

GS/20°C - -  2 2 ^ 9 - 2 . 7 2  
%+(Wa-V^ - Q  i f j  '  

Wo 

Comments: 

Figure 
SPECIFIC GRAVITY DETERMINATION, ASTM D854 

Ptofaa 
Profta No. 

AiC'-<^0*+Q /Ai / PS / I h , • /s. 
' ,b-''jlbf'LL—^Br-hC- H*o~cBr ' (^)ColderAssoclatM 



SAMPLE 

1  Pycnometer number L O Z O Z  

Temperature at weighings (°C) *9 • 5 2 l.o 
Weight flask + soil + water (W^) 

Weight flask + water (Wa) 

(Wa-Wb) - 9 - 1 o  

Evaporating dish number 7  

Weight dish + dry soil IZ3>4.r 

Weight dish 10$. oz 
Weight dry soil (W0) 

Temperature factor (K) 0-999? 
• 

, Wo 
^ r v\fe+(wa-wy 

GS/20°C- W° • K •=, 
b  V^+(Wf l -WW 1  .  

Comments: 

d Figure 
SPECIFIC GRAVITY DETERMINATION, ASTM D854 

Propa fo£*\uC>>\+G / Aj./ F $ / 1 b , . 
Pmma No. Hit-nnl. ' Dm , 1 . f . Acprorad Br ^ w: Wg) Goldsr Associates 



RAMP! P P<9 ^ 

Pycnometer number L O ' l O g  

Temperature at weighings (®C) 
S 9 . Z  

Z h O  

Weight flask + soil + water (Wfa) 67&' 

Weight flask + water (Wa) ££2.7 6 

(Wa-Wb) - n.fcz 

Evaporating dish number 2-r 

Weight dish + dry soil /•^3iV3 

Weight dish 1 0 ^  

Weight dry soil (W0) 1 1 . 9 0  

Temperature factor (K) 

Wo 
Gs/control temperature • ——^— 

vv(wa-\Ay 

GS/20°C i Wo 
V\fe+(Wa-V\y 

--z.i-i 

Comments: 

Proftd 
propa no. 

to 

£ Vv- i.t/i ' _o«, "'/ffc/gf *•»«*.**£- Appr^By "^Pu ~" |g) Goldar Associate» 

Figure 
SPECIFIC GRAVITY DETERMINATION, ASTM D854 



SAMPLE PP-l 

Pycnometer number L o Z c g  

Temperature at weighings (®C) £ #• 2O-3. 

Weight flask + soil + water (W^) 

Weight flask + water {YJg) 
45?'83 

(Wa-Wb) 

Evaporating dish number 6 * -

Weight dish + dry soil I Z C &  

Weight dish i&> m 

Weight dry soil (W0) Z Z -  ffZ-

Temperature factor (K) ]• 9 0 0 0 

Gs/control temperature 
Wo 

Gs/20BC - Wo 
v^+(Wa-v^ 

%+(wa-v\y 

K -

Comments: 

> Figure 
, SPECIFIC GRAVITY DETERMINATION, ASTM D854 

• 

•>~r- A» l: n / A J. / /=S / I 7} . . n 
(^) Goider Assoclatas O l l > -  l l  C  1  .  ! Do* )  tin l Q l  t«•** By Ifi AV ^CKtrrrH B, (^) Goider Assoclatas 



Pycnometer number L o - W S  1 

Temperature at weighings (®C) 
6 8.2. 
90J 

Weight flask + soil + water (W^) 
CID.'bZ 

Weight flask + water (Wa) ^ 2 , 2  f  

(Wa-Wb) - 1 1 , 1 7  

Evaporating dish number 

Weight dish + dry soil 
t Z o . l H  

Weight dish ) o l 6 5  
Weight dry soil (W0) 

Temperature factor (K) l.DOO 0 

SAMPLE TP-/ 

Gs/control temperature < Wo 
vV(wa-v^y 

GS/20°C i Wo 

v\fe+(wa-v\y • K -
y  ' . o o o o  ~  

Comments: 

Figure 
SPECIFIC GRAVITY DETERMINATION, ASTM D854 

frc f-P / fiS /  fS / J r> , — 
D —  ' ' I l L  e > f  .  T n n d  B y  ' T  P  A w t B y  ^  ^ | )  G o l d W  A » » O C l a t t »  

PlOfMI 

PrtMad No. 



SAMPLETD-f R-

Pycnometer number 1-02.0% 

Temperature at weighings (°C) £ 9 • j?7" z-t 

Weight flask + soil + water (Wfa) MH t> 

Weight flask + water (Wa) 

(Wa-Wb) ' lZ - fo  

Evaporating dish number £& 
Weight dish + dry soil Hi, 13 

Weight dish 96 .9 )  

Weight dry soil (W0) /9-V7 

Temperature factor (K) O-l l fS  

Gs/control temperature 
Wo 

GS/20°C - Wo 

vv(wa-wy 

%+(Wa-V\y 

— • K *=- 6 

Comments: 

Figure 
SPECIFIC GRAVITY DETERMINATION, ASTM D854 

A ' /  f i . 1  /  F t >  /  I  r >  ,  ,  
P">j»o tal- I > ~ 11 c 1 — Da» " [ 1 I By )*> A- Awu»«l Br. 5® Golder Associates 



SAMPLE f~~ ( 

Pycnometer number 
Lo 20$ 

Temperature at weighings (®C) /6.7 
£.tS 

Weight flask + soil + water (W^) 
( 2 9 , 1 0  

Weight flask + water (Wa) 

(Wa-Wb) -

Evaporating dish number 9 

Weight dish + dry soil 1S85Z 

Weight dish f * 7 . * 9  

Weight dry soil (W0) 'f'.l'b 

Temperature factor (K) I . O O O f  

Wo Gs/control temperature • « 
%+(Wa-\\y 

1A,_ Si. I „ crn 
Gc/20°C ^2 „ K - — a i,0 0 01 - 2..^ L 

S %+(Wa-tty * 

Comments: 

Figure 
SPECIFIC GRAVITY DETERMINATION, ASTM D854 

ft^dw., ^l>-ncV, ' n,. ''/IhjQf T^udBy ft*" AppwdBy P" ' GoMef AMOClatM 



SAMPLE MPP - /A 

Pycnometer number L O Z o %  

Temperature at weighings (°C) bl'l 'f 1  <? •?  

Weight flask + soil + water (W^) 

Weight flask + water (Wb) 
- i t  

(Wa-Wb)  -33- I I  

Evaporating dish number \ 
Weight dish + dry soil I  ̂ 5.37 

Weight dish /o3 m .  

Weight dry soil (W0) 

Temperature factor (K) / .  o o o o  

G$/control temperature - Wo 

GS/20°C Wo 
%+(Wa- \Ay  

%+(wa-vyy 

K  -  2 . H &  

Comments: 

• 
Figure 

SPECIFIC GRAVITY DETERMINATION, ASTM D854 

"»-< P i C n  /  £  l  /  /  x  r >  .  ,  
(^) Golder Associate* Pn^ma No .H i "* -  I t  C  I  .  ———1—— b*»— / Ik IQI t—B- A .n—.Br p(?c^ (^) Golder Associate* 



OLDER ASSOCIATES REDHOHD, HE 

3TB D-1140/C-136 SIZE or LARGEST HIHIHOH BASS OE 
(EVE ANALYSIS PARTICLE SABPLE REQDIRED 

110 200g 
SOJECT HONSAHTO/RI/ES/ID 14 500g 
SOJECT BOMBER 913-1101.208 3/4" 1500g 
SGIHEER 1" 20Q0g 
WE 11-21-91 2" 4000g 
SCHHICIAH 3" 5000g 
SVIEHER VY& 

OREROLE ROBBER c C 1 C * q * Q t 
AMPLE BOMBER 1 2 * 3 * 1 t 2 t 
EPTR (ft) I * * » 

IRE ROBBER r 2 I OH t 39 t 36 * 

IRE HI (g) 90.03 76.34 I 75.9 * 73.8 t 74.47 * 

ST HT t TARE (g) 281.41 183.06 t 176.42 t 334.52 t 333.35 t 
ST HT 4 TARE (g) 274.5 171.9 * 164.9 t 328.9 * 328.76 t 
OISTDRE (J) 3.7* 11.71 * 12.91 * 2.21 t 1.81 t 

COHOLATIVE PERCEHT COHOLATIVE PERCEHT * 8 PERCEHT * COHOLATIVE PERCEHT * COHOLATIVE PERCEHT * 
HEIGHT (g) EIHER HEIGHT (g) EIHER * HEIGHT (g) FINER * HEIGHT (g) EIHER * HEIGHT (g) EIHER * 

TARE (g) 90.0 76.4 t 75.9 * 73.9 t 74.5 * 

3* 90.0 100.OR 3" 76.4 100.01* J" 75.9 100.01* 3" 73.9 100.01* 3" 74.5 100.01* 
r 90.0 100.0* 2" 76.4 100.01* 2" 75.9 100.01* 2" 73.9 100.01* 2" 74.5 100.01* 
1" 90.0 1"0.0* 1" 76.4 100.01* 1" 75.9 100.01* 1" 73.9 100.01* 1" 167.0 63.61* 

3/4" 90.0 100.0* 3/4" 76.4 100.01* 3/4" 75.9 100.01* 3/4" 105.7 87.51* 3/4" 202.2 49.81* 
3/8" 99.6 94.8* 3/8" 95.2 80.41* 3/8" 103.7 68.81* 3/8" 250.5 30.81* 3/8" 278.7 19.71* 
14 199.1 40.9* 14 140.0 33.51* 14 138.3 29.91* 14 314.0 5.91* M 324.1 1.81* 
110 270.1 2.4* 110 153.9 18.91* 110 153.0 13.41* 110 323.3 2.21* 110 325.7 1.21* 
120 271.9 1.41 120 157.4 15.31* 120 157.7 8.11* 120 324.0 1.91* 120 325.7 1.21* 
140 272.3 1.21 140 159.3 13.31* 140 159.5 6.11* MO 324.1 1.91* MO 325.7 1.21* 
160 272.7 1.01 160 160.9 11.61* 160 160.1 5.41* 160 324.6 1.71* 160 325.9 1.11* 
1100 273.1 0.81 1100 163.4 8.91* 1100 160.8 4.61* 1100 326.1 1.11* MOO 326.6 0.81* 
1200 273.6 0.51 1200 166.6 5.61* 1200 161.9 3.31* 1200 327.0 0.81* 1200 327.2 0.61* 

SETS ASTH SAMPLE t * * * 

(ZE REQOIREHEHT? HO HO t HO * HO * HO t 

D10 2.7 D10 0.2 * D10 1.2 * D10 5.3 * D10 7.0 t 
D30 4.0 D30 4.0 * D30 4.8 * D30 9.0 * D30 14.0 » 
D60 5.8 D60 6.2 * D60 8.1 * D60 10.2 * D60 24.0 » 

Co 2.1 Cu 31.0 * Co 6.8 * Cu 1.9 * Cu 3.4 * 

Cz W 1.0 Cz 12.9 * Cz 2.4 W » Cz 1.5 * Cz 1.2 * 



tm iummimammunuMiummummimmmtmmmmmmumi immmmmmummmmmmmummmmmmmmmn 

*PABT 1: 1AT0EAL B01STDSS COHIIHT*PABT C: FIRI FEACTIOB HQISTGBI »PABT S: COAHSI FBACTIOH HOISTOSE 
t I t 
*TABE I: 
mil (g): 
*80151 8T. (g): 
*0VII SI! IT (g): 
*RX: 

•HOBISBIIT rot BOISIDEE COHTEST Of SOUS 
* ASTH S-2216 
*HQEISBIIT FOB SIEVE IBS BYDBQHETEB 
* ASTH 5-422 (BODIFIED FOB TEHPEBATQBI CHARGE) 
(KOEISBEIT FOB SB! PBEPABATIOB OF SOILS 
* ASTH B-421 
* 0PBATI5 3/20/90 B! S. OSTEB 

16 *TARI t: 
26.24 *TABI (g): 
109.07 tBOlST HT. (g): 
101.TT tOTEl SIT BT (g): 
10.58XW: 

19 tTABB I: 
26.35 *TABE (g): 
48.01 *BOIST BT. (g): 
48.28 *OTEB SET BT (g): 
2.31X*BX: 

10 
70.32 
178.27 
176.07 
2.08X 

8:SEPABATIOI OF FIACTIOBS 

274.92 
73.70 
73.72 
166.59 
92.87 
108.35 
90.77 
106.14 
196.91 

*PAET 
t 
tBUGBT TOTAL SABPLI t TARE, All BBT (g): 
tWEIGBT OF AIB SBT TABI (g): 
•WEIGHT OF -910 TAB! (g): 
•BIIGBT OF -110 FEACTIOB 4 TABI (g): 
•WEIGHT OF -110 FBACTIOH. AIB SIT (g): 
•WEIGHT OF 4110 FBACTOB, AIB SIT (g): 
tOTIB SBT BIIGBT OF FIBIS fg): 
•OrER SIT BIIGBT OF COABSI FBACTIOI (g): 
tOTIB SBT BIIGBT OF TOTAL SABPLI (g): 
mttuittitntmnititttttttiitiiutitttttmutnmtttn 
•PART F: BTSBOBITIB TEST 01 F1BI FBACTIOI 
t 
•BTSBOBITIB TYPE: 
•BTSBOBITIB BOBBIB: 
•BIAIIB BOBBIB: 
'^fciOIBIB: 
•MPlC GBATITT: 
•POBTIOI TESTED: 
•HOIST BT. OF SOIL (g): 
•COBBSCTIS SBT BT (g): 
•BB: 
•STABEABS SOLOTIOI 
•ZIBO COBBICTIOB 
I 

BIAS. 
8.50 
6.00 

•PABT I: SIEVE OF COABSI FBACTIOH* SABPLI: PO-1 
mmummt t t tmt tmtnmtmumt tmtmutmmxmt i  

152B 
15-1515 

8 
8 
2.72 

-110 
69.34 
67.77 

1.00 

1 COBELATITI PISCIBT * FI8AL BISOLTS t SIZE OF B1HIB0B BASS OF 
t WEIGHT (g) FIBII tSIZI PIBCIBT FIR!! t LABGIST 4fl0 POBTIOB WEIGHT (g) 

PABTICLI BIQOIIIS • 

•TARE (g) 70.27 * 3* 100.OX * 
PABTICLI BIQOIIIS 

* 3* 70.27 100.OX* 2* 100.0X i 3* 5000g 
t 2' 70.27 100.ox* r 100.OX t 2' 4000g 
i r 70.27 100.ox* 3/4" 100.OX * r 2000g 
t 3/4" 70.27 100.ox* 3/8* 8B.3X * 3/4" lOOOg 
t 3/8* 93.39 8B.3X* 14 77.2X * 3/8* 500g 

t* 14 115.10 77.2X* 110 64.71 t 
* 110 139.69 64.7X* 120 49. OX 'BEETS ASTH BIOOIBIBIBT? BO 
t PAB 164.61 52.IX* 140 43. IX ttmmtmmmt*************** 
I t 160 36.2X t 
mmmmmtttmtttmtttttt* 1100 30.3X * S1D: R/A 
*PABT G: SIEVE OB F1BI FBACTIOI * 1200 29.3X * 030: R/A 
t t 0.0433 25.7X t 060: R/A 
I COBELATITI PIBCIBT * 0.0256 22.91 t Cu: B/A 
t WEIGHT FIBII * 0.0161 19. IX t Ci: R/A 
*• 0.0104 16.3X t 
•TABI (g) 71.71 t 0.0061 14.5: ttmtmttmtmtmmtmtmt 
i 120 88.15 75.7X* 0.0035 12.5X t ROTES: 
* 140 94.36 66.61* 0.0024 10.2: t 
t 160 101.59 65.9X* 0.0014 7.4X t 
t 1100 107.77 46.8:* t 
t 1200 108.77 45.31* t 
mmttmIttitttttttttt»*ttttttttttttt**tttt**tt*t*tt**ttt****t*******************•********m*, 

ZIBO COBB. COBB. IFF. COBSTAHT 
COBB. FACTOB FACTOB X FIBIB DEPTH (TAGs) SIAB. LOG XTOTAL 

(COBTBOL) t a L.ca I (u) SIAB. SABPLI 

* TIBP. 
• 19.00 
• 25.30 6.00 ILAPSIS 
* TIBI TIBP. ITSBO 
•S HI B S (sin.) (C) BIAS1BG 
I 
• 26 10 19 0 •••••• 0.00 
I 26 10 20 0 •••*•• 1.00 22.6 34.0 7.07 0.40 0.99 39.8X 10.555 0.01332 
i 26 10 22 0 •••••• 3.00 22.6 31.0 7.07 0.40 0.99 35.4X 11.047 0.01332 
t 26 10 27 0 ****** 8.00 22.5 27.0 7.11 0.40 0.99 29.5X 11.703 0.01332 
t 26 10 39 0 ****** 20.00 22.5 24.0 7.11 0.40 0.99 25.2X 12.195 0.01332 
t 26 11 19 0 ****** 60.00 22.7 22.0 7.03 0.40 0.99 22.4X 12.523 0.01332 
* 26 13 19 0 ****** 180.00 23.0 19.5 6.91 0.70 0.99 19.3X 12.933 0.01317 
t 26 17 16 0 ****** 417.00 23.2 17.0 6.83 0.70 0.99 15.8X 13.343 0.01317 
l 27 8 39 0 ******1340.00 21.8 15.0 7.39 0.20 . 0.99 11.4X 13.671 0.01348 
t 
i i t t t t t u t t t t t t t t t i t t t t t t t t t t x t t u t t t u t t t t t t u tu t t t x t t t t t t t t t u t t t u t i tmu t t t t u t t u tnu t t t t t t t t t t t t u t t t t t uu t t u t t t t t u t t t t t t t t u t t t t nu t t t t t t t t t t t u  

0.0433 
0.0256 
0.0161 
0.0104 
0.0061 
0.0035 
0.0024 
0.0014 

-1.36 
-1.59 
-1.79 
-1.98 
-2.22 
-2.45 
-2.63 
-2.87 

2S.75 
22.9X 
19. IX 
16.3X 
14.5: 
12.5: 
10.2: 
7.<: 

*PBOJICT: 
•PROJECT BOBBIB: 
•TIUBICIAB: 

B0HSABT0/BI/FS/1B 
913-1101 

BF 
TASI: 
BIT!IBIS BT: 

208 SATE: , 11/21/91 
GOLSIB ASSOCIATES IHC. 
GIOTICEHICAL TISTIHG LABOBATOBT 
BISBOHS, BASHIBGTOB 

mum***nmmnm**mt*mtm*mmmm*mmit**t»***»***************tt**t**t***********t*************************m,m,mmmm*M 



****"************>*txixiixtiixxxxxxxxxxxixxxxxxxixxxxxxxixxxixxxxxxxxxxxxxxxxxixxxxixixxxxxxxxxxxxxxxxxxxxxixxxxxxxxxxxxxxxxxxxxxxxixxxxxxxxx^j^b 
A: BATDBAl BOISTDBE COBTEBHPABT C: FIJI FBACIIOB BOISTOHE *PABT 0: COABSE FBACIIOB BWBI 'kvusSIIT FOB BOISTOBI C0BTZF7 Of SOILS 

* AST! 0-2216 t 
*HOBISEIET FOB S1BTB ABO HTDBOBETEE xJABI I 
« ASH 5-422 {BODIFIED FOB TEBPEBATDBE CBABEI) *TABE (g): 
*H0BI5EEST FOB OBI PBEPABAIIOB OF SOILS HOIST HI. (g): 
» ASH 0-421 XOTEB OB! HI (g): 
* OPOAHO 3/20/90 BT 0. OSTBB XHX: 

17 *TABE »: 
24.80 tTABI (g): 
71.72 HOIST HI. <g): 
67.04 WEB OBT HT (g): 
li.osxm: 

34 *TABE I: 21 
25.25 *TA8E (g): S5.ll 
55.35 HOIST HT. (g): 230.24 
54.63 *07111 OBT HT (g): 227.41 

xxj 

t 
t 
> 
t 
t 

2.45UHX: 2.1U 
**** ' *****«*******xx ixxxx ix ixxxxxxxxxixxxxxxxxxixxxxxxxxxxxxxxxixxxxxxxxxxx*xxxxxxxxxxxxxxxxxxxxxxixxxxxxxxxxxxxxixxxxxxxxxxxxxixxxxxxxxxxxxxxxxix ixxx i i ixxxx j  
'PABT B:SEPAEAIIOB OF FBACTIOES 

WIGHT TOTAL SAHPLI • TABI, AIB OBT (g) 
WIGHT OF AIB OBT TABI (g): 
IHI1GH7 OF -110 TABB (g): 
WIGHT OF -110 FEACTIOB 4 TABB (g): 
WIGHT OF -110 FBACIIOB, AIB OBT (g): 
WIGHT OF 4110 FBACTOB, AIB OBT (g): 
'OTIS OBT HIGH! OF F1BBS (g): 
'OTIS OBT HIISBT OF COABSB FBACIIOB (g): 
'OTIS OBT HUGS? OF TOTAL SABPLI (g): 
mmmitusmsmttmmmtmmmmmmmmm 
'PABT F: ETOPOBITIB IIS? OB F1BI FBACIIOB 

361.01 
108.43 
108.44 
225.25 
116.81 
135.77 
114.02 
132.93 
246.94 

*PABT I: 5IB7B OF COABSB FBACIIOB* SAHPLI: PO-2 
* 
t 
t 
t 
'TABI (g) 

COBOLATITB 
HEIGHT (g) 

PBBCBBT 
FIBEB 

xxtxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxixxxxixxxxxxxxxs 
t 
'SIZE 

FIBAL BESOLTS 
FEBCEBT FIBEB 

'H7JE0EITEB ITPE: 
'ETOBOBETEB BDEBEB: 
'EIAIEE BOBBEB: 
'FLASI BDEBEB: 
'SPECIFIC GBATIIT: 
«?P—•*s TESTED: 
'B T. OF SOIL (g): 
•COHJSiCIED OBT HI (g): 
•Ex: 
STAFOABO SOLOTIOI 
IEBO COBBECTIOS 

152B 
15-1515 
I 
7 
2.69 

-110 

66.66 
67.02 
1.00 

TE*" 
19H0 5.00 
25.70 2.50 

95.10 * 3' 
3" 95.10 100.03* 2' 
2* 95.10 100.OX* r 
r 95.10 100.OX* 3/4" 
3/4' 95.10 100.OX* 3/8* 
3/8" 119.32 90.2X* 14 
>4 159.20 74.OX* 910 

* 810 186.76 62.9X* 120 
* PAB 207.95 54.3X* 940 
» * 860 
mmnmmmmmmmtmi flOO 
'PABT G: SIE7E OB FIFE FBACIIOB * 8200 
1 » 0.0431 
* CDBDLATITE FEBCEBT * 0.0256 
* HEIGHT FIBEB * 0.0161 
i 0 j10j 
*TABE (g) 75.86 * 0.0061 
* 820 84.51 87.IX* 0.0034 
* 840 91.95 76.0X» 0.0022 
* 960 98.20 66.7X* 0.0013 
* 8100 105.18 56.3X» 
* 8200 110.23 48.7X* 

100.0X 
100.0X 
100.OX 
100.OX 
90.2X 
74. OX 
62.9X 
54.8X 
47.85 
41.95 
35.41 
30.65 
29.IX 
25.8X 
22.5X 
20.21 
17.9X 
15.2X 
14.2X 
11.45 

X SIZE OF HIHIB0E BASS 
X LABGEST *810 POBTIOB 

1 
PABTICLE BEQDIBEO 

X 3* 5000g 
X 2' 4000s 
X r 2000s 
X 3/4- lOOOg 
X 
t 

3/8* 500g 

'BEITS ASTB BEQOIBIBEBT? BO 

i 
t 
t 
* 
I 
t 
* 
I 
* 
t 
l 

msmmimmmmmummt 

O10: 
D30: 
060: 
Co: 
Cx: 

B/A 
B/A 
B/A 
B/A 
B/A 

ummtmmmmmtmsmm 
* BOTES: t 
* i 
' x 
*  X 

* t 

1 

ELAPSED 
TIBE 

(Bin. )  

""" "XXXIXI tXXXIXXXXXtXXtXXXXXXXIXXXIXXIXXtXXXXXXXXXXXXXXXII IXXXXXXtXXXtXIXI IXXXXXIXIXXXXXXXXXXXI 

TEBP. 
(C) 

BTOBO 
BEADIHG 

ZEBO 
COBB. 

(COBTBOL) 

COBB. 
FACTOB 

t 

COBB. 
FACTOB X FIBEB 

EFF. 
OEPTB 
L,ca 

COBSTABT 
(TAGs) 

I 
DIAB. 
(») 

LOG 
OlAB. 

t 
XTOTAL * 
SAHPLI * 

x 
t 

29.15* 
25.8X* 
22.5X» 
20.21' 
17.9X* 
15.2X* 
14.2X* 
11.41' 

25 
25 
25 
25 
25 
25 
25 
25 
26 

9 18 0 xxxxxx o.oo 
9 19 0 xxxxxx 1.00 22.6 34.5 3.67 0.40 
9 21 0 xxxxxx 3.00 22.6 31.0 3.67 0.40 
9 26 0 xxxxxx 8.00 22.5 27.5 3.71 0.40 
9 36 0 xxxxxx 20.00 22.5 25.0 3.71 0.40 
10 18 0 xxxxxx 60.00 22.6 22.5 3.67 0.40 
12 36 0 xxxxxx 198.00 22.8 19.5 3.60 0.40 
17 11 0 xxxxxx 473.00 23.1 18.0 3.48 0.70 
8 19 0 »x«xx»i381.00 21.9 16.0 3.94 0.20 

0.99 
0.99 
0.99 
0.99 
0.99 
0.99 
0.99 

46.2X 
41. OX 
35.8X 
32.IX 
28.5X 
24.IX 
22.5X 
18.15 

10.473 
11.047 
11.621 
12.031 
12.441 
12.933 
13.179 
13.507 

0.01332 
0.01332 
0.01332 
0.01332 
0.01332 
0.01332 
0.01317 
0.01348 

0.0431 
0.0256 
0.0161 
0.0103 
0.0061 
0.0034 
0.0022 
0.0013 

-1.37 
-1.59 
-1.79 
-1.99 
-2.22 
-2.47 
-2.66 
-2.88 

-^1,r^,mmmMM""nM,,,n","MU""mM""Mmm",m,,m,m,M,mmm,mMm»m"»»*»»*»*'***»*******«*»*********************! 
EOJICT: 
rOJECT BOBBEB: 
ICHEICIAB: 

BOHSABTO/Bl/FS/IO 
913-1101 

BF 
TASI: 
HEVIEHED BT: 

208 12/2/91 

XIXXXXXXIIXI IXXXXIIXXXII IXIXXXXIXXXXXXXXIXIXXXIXXXXXIIXXXXXIXXXXXXXXXXXXXXIXXX 

X 

X 
X 

XXXXXXIXXXXXIXXXXXXXXXXIXXXXXXXXXXXXXXXXXXXIXXIXXXIXXIIXXXXXXXXXXXXXIXXXXXXXXXI 

DATEh 

G0L0EB ASSOCIATES IBC. 
GEOTECBBICAL TESTIBG LABOBATOBT 
BEOBOBD, HASIIEGTOS 



nmmmmmmtmmixmimmmmm»m*mmm*mmmmmmx«mmm*x*mmimmmmmmmmmmmm*t«mmxi .m 
'HORISHEET FOE I0IST0BI COSTIST OF SOILS 
' ASTB 0-2216 
-HOBISBEET FOE SIITI ABD HTDROHETER 

ASTB 0-422 (BOOIFIEO FOE TEBPERATDRE CBABGI) 
'HORISHEET FOE OBT PIEPARATIOI OF SOILS 
» ASTB 0-421 

UPOATID 3/20/90 BT 0. OSTIE 

I: 

•PART A: BATORAL BOISTOEE CORTERItPART C: FIRE FEACTIOE B01STDBE *PABT 0: COAESE FRACTION EOISTOEE » 
l » l 
•TABE t: 
•TARE (g): 
*B01ST BT. (g): 
tOYEB ORT BT (g): 
W: 

33 *TARE I: 
25.03 *TARE (g): 
93.95 *BOIST BT. (g): 
86.80 tOYER ORT BT (g): 
11.58XIHX: 

100 tTARE 
14.05 *TARE (g): 
41.43 tBOIST BT. (g): 
40.79 tOYER ORT BT (g): 
2.39XtRX: 

33 
78.43 
191.86 
189.2? 
2.343 

.mmnmmmmmmmmimmmmmmmmmtmtmtmmmmmmmmmmmmmmmmmtmmmmmmmmmmmm: 
'PART B:SEPARATIOE OF FRACTIOIS 

'BRIGHT TOTAL SABPLE 4 TARE, AIR ORT (g): 319.74 
•HEIGHT OF AIR ORT TARE (g): T8.46 
HEIGHT OF -110 TARE (g): T8.43 
'HEIGHT OF -110 FEACTIOE 4 TARE (g): 205.35 
'HEIGHT OF -tlO FEACTIOE, AIE ORT (g): 126.92 
HEIGHT OF 4110 FRACTOE, AIE OBT (g): 114.36 
OYER ORT BE16BT OF F1EES (g): 123.95 
OYER ORT HEIGHT OF COARSE FEACTIOE (g): 111.75 
OYER ORT WEIGHT OF TOTAL SABPLE (g): 235.70 
xxxxxxxxxxxxxxxxxxxxxxxxxtxxxxxxxtxxxxtxxxxxxxxxxxxxxxxxxxx 

tPART 
t 
x 
x  
t 
tTARE 

SIEYE OF COARSE FRiCTIORt SABPLE: FO-2R t 
mmmmmmmmmmmmmtmmmmmmmmm 

COBDLATIYE 
HEIGHT (g) 

PERCEET 
FIEEE 

t 
tSIZE 
-> 

FIEAL RESDLTS 
PERCEET FIXER 

(g) 

PART F: HTOROBETER TEST OR FIRE FEACTIOE 

HTDBOHETER TTPE: 
HTOROBETER ROBBER: 
BSAEEB ROBBER: 
'FLASK ROBBER: 
'SPjgftC GRAYITT: 
P.VPTESTEO: 
BOlbl BT. OF SOIL (g): 
CORRECTED OBT BT (g): 
Hi: 
STAROARO SOLOTIOR 
ZERO CORRECTIOR 

152H 
15-1515 
145 
4 
2.73 

-110 

69.87 
68.24 
1.00 

3* 
2* 
r 

3/4" 
3/8* 
14 

110 
PAR 

78.45 
78.45 
78.45 
93.38 
112.13 
119.58 
136.62 
162.88 
180.47 

t 

100.OS* 
100.OXt 
93.7X» 
85.7Xt 
82.6X* 
75.3X* 
64.2Xt 
56.7X» 

t 

TEBP. 
19.00 

REAO. 
8.50 

txxxxxxxxxxxxxxxxxxxxxxxxxxtxxtxxx 
tPABT G: SIEYE OR FIRE FBACTJOH t 
t t 

t COBDLATIYE PERCEET t 
t HEIGHT FIXER > 
» t 
tTARE (g) 76.94 t 
t 120 85.24 87.8Xt 
t 940 93.09 76.3** 
t 160 99.21 67.4** 
t 9100 106.53 56.6X* 
t 9200 113.56 46.3X* 

3* 
2' 
r 

3/4* 
3/8* 
94 
910 
920 
940 
960 
9100 
9200 
0.0434 
0.0259 
0.0162 
0.0105 
0.0061 
0.0034 
0.0022 
0.0013 

100.0X 
100.OX 
93.7X 
85.7X 
82.6X 
75.3X 
64.2* 
56.4X 
49. OX 
43.2X 
36.3X 
29.7X 
24.81 
20.7X 
17.9X 
15.IX 
13.2X 
10.61 
9.IX 
7.3X 

SIZE OF 
LARGEST 
PARTICLE 

B1RIH0E BASS OF > 
4910 F0RTIOR 
EEQ0IRED 

t 
x 
t 
X 
x  
x  
x  
X 
X 
X 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

3* 
2* 
r 

3/4" 
3/8" 

5DD0g 
4000g 
2000? 
lOOOg 
SOOg 

tHEETS ASTB REQOIEEBERT? RO 

D10: 
030: 
DEO: 
Cu: 
Cx: 

R/A 
R/A 
R/A 
R/A 
R/A 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxtxxxx 
t ROTES: t 
I ; t 
I t 
I I 
t » 

xtxxxxxtxxxxxxxxxxxxxxxxxtxxxxxxxtxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxtx  
.30 6.00 ELAPSED ZERO CORE. CORR. EFF. CORSTART t 

TIBE TEBP. HYDRO CORE. FACTOR FACTOR X FIXER DEPTH (TAGs) DIAB. LOG XT0TAL t 
HE 8 S (tin.) (0 READIRG (CORTEOL) t a L.ca I da) DIAB. SABPLE t 

25 9 7 0 itttti o.oo t 
25 9 8 0 mm 1.00 22.6 33.5 7.07 0.40 0.98 36.71 10.637 0.01332 0.0434 -1.36 24.8Xt 
25 9 10 0 mm 3.00 22.6 29.0 7.07 0.40 0.98 32.2X 11.375 0.01332 0.0259 -1.59 20.7X1 
25 9 15 0 mm g.oo 22.5 26.0 7.11 0.40 0.98 27.81 11.867 0.01332 0.0162 -1.79 17.9Xt 
25 9 27 0 xxxxxx 20.00 22.5 23.0 7.11 0.40 0.98 23.51 12.359 0.01332 0.0105 -1.98 15.1Xt 
25 10 7 0 mm SO.00 22.5 21.0 7.11 0.40 0.98 20.61 12.687 0.01332 0.0061 -2.21 13.2X* 
25 12 35 0 turn 208.00 22.9 18.0 6.95 0.40 0.98 16.51 13.179 0.01332 0.0034 -2.47 10.6Xt 
25 17 10 0 mm 403.00 23.1 16.0 6.87 0.70 0.98 14.2X 13.507 0.01317 0.0022 -2.66 9.1Xt 
26 8 18 0 mmi391.00 21.9 15.0 7.35 0.20 0.98 11.31 13.671 0.01348 0.0013 -2.87 7.3X1 

txxxxxxxxxxxxtxxxxxxxxtx ix txxxxtxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxtxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxtxxx 
PEOJECT: BORSARTO/R1/FS/ID 
PROJECT ROBBER: 913-1101 TASI: 208 DATE: 12/2/91 
7ECEHICIAR: BF REYIEBED BY: J >fr. 
iiiitiinniinmn»»inmniii»iitniiii»iii»iii»mtiiiiiiinitiiim»»mitniitiitm»»imiiimm»n»miiii»mrmiKitimmmti»»iiii 

GOLDER ASSOCIATES IRC. t 
GEOTECHRICAL TESTIRG LABORATORT t 
REDBORD, BASH1RGTOR t 



xxi»»txxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx9tmxx 
:02ISEEFT FOE BOISTOEF COSTIST OF SOILS 

ASTfi D-221S 
OSISBEET FOE SIEVE 1HC HTDROBFTFR 

ASTB D-422 (BODIFIFD FOE TEBFEE&TOBE CHAIGI) 
•QEISEEST FOE IE! PBFPABATIOH OF SOILS 

ASTB 1-421 
UPDATED 3/20/90 BT I. OSTIE 

tPAE! A: IATDEAL BOISTOEF CORIERT»PAET C: FIEF FEACTIOR BO1ST0EI tPART D: 
* * t 
*TABE I: 15 mil I: 11 STAKE t: 37 

COARSF FEACTIOR BOISTOEF * 
» 
» 
t  

*  

x 
*  

ixxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxtxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxuxxxtxxxxxxxtxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxtxxxxxxxxxxxxxt  

tTAEF (2): 
tBOIST RT. (|): 
tOTFR IS! RT (|): 
tRX: 

25.18 tTAEF (g): 
86.46 tBOIST RT. (g): 
80.29 tOFER BET RT (g): 
11.20XSRX: 

25.15 tTAEF (g): 74.45 
65.25 tBOIST RT. (g): 170.64 
64.30 tOTFR IB! RT (g): 168.79 
2.43X*RX: 1.961 

?ABT B:SFPARATIOE OF FEACT10RS tPAET I: S1FTF OF COARSE FEACTIOB* SASPLE: PO-3 * 
x xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

(g): i'FISHT TOTAL SAHPL1 4 TAKE. AIE DET 
EIGHT OF AIE BET TAEF (g): 
EIGHT OF -110 TAEF (g): 
iFlGBT OF -110 FRACTIOR 4 TAEF (g): 
•FIGHT OF -810 FEACTIOR, AIE IE! (g): 
FIGHT OF 4110 FEACTOR, AIE IE! (g): 

111 IE! RF1GHT OF FIRES (g): 
VER IS! REIGHT OF COARSE FEACTIOR (g): 
VFR IE! HEIGHT OF TOTAL SABPLF (g): 

3(7.66 
108.48 
108.47 
250.62 
142.15 
97.03 
138.78 
95.16 
233.95 

t  
x  
x 

tTAEF 
t 
t 
t 
t 
* 

COBOLATIYE 
HEIGHT (g) 

tx t tx tx t t tmtmi tmmtt t i i tx tx t t t t t t t t t tmtmttx tx tx  

AST F: ITIBOBFTFE TEST OB FIEF FEACTIOR 

ilDEOHETEB TTPF: 152H 
iTDBOHETER ROBBIE: 15-1515 
flAIIB ROBBIE: 22 
rLASE ROBBIE: 8 
3Pr* GEAVITT: 2.94 
0. TESTED: -110 
:01ST RT. OF SOIL (g): 66.78 
70EKICTED DET HI (g): 65.20 
i: 1.00 
TAKDARD SOLOTIOR 

.'.FED COEEFCTIOR 

P 

(g)  

4* 

74.40 
74.40 
74.40 
74.40 
74.40 
89.82 
113.26 
140.34 
160.31 

PIECIRT t 
F1RFB ts 

1. 
s 

100.oxt 
lOO.OXt 
100.014 
100.014 
93.414 
83.41* 
71.81* 
63.31* 

* 

SIZE OF BIRIBOB BASS OF t 
LABGIST *110 POETIOR X 
PARTICLE BEQUIBED t  

i 
3* 5000g t 
2* 4000g * 

1' 2000g X 
3/4* lOOOg X 
3/8' 500g X 

TFBP. 
19.00 

EFAI. 
6.50 

x 
x  

—t 
t 
* 
X 
X 
* 

X 
t  *  
4REETS ASTB EFOOIEEBERT? RO * 
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
X *  
t  
t 
t  
X 
X 
X *  

* BOTES: * 
» 4 

* * 
* 4 

* 4 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
*PAST G: SIEVE OR FIRF FEACTIOR * 
t * 
* C0BBLAT1TF PFECERT * 
t HEIGHT FIRFE * 
t 1 
*TARF (g) 90.05 * 
* 120 96.84 89.61* 
* 140 103.12 80.01* 
* >60 108.81 71.21* 
* 1100 116.58 59.31* 
* 1200 123.83 48.21* 

FIRAL BESOLTS 
IE FIBCERT FIBER 

3* 100.01 
2' 100.01 
1* 100.01 
3/4* 100.01 
3/8* 93.41 
14 83.41 
110 71.81 
120 64.31 
140 57.41 
160 51.21 
1100 42.61 
1200 34.61 
0.0436 27.31 
0.0260 22.61 
0.0163 19.01 
0.0105 15.91 
0.0062 13.81 
0.0035 11.91 
0.0022 10.71 
0.0013 8.41 

110: R/A * 

130: R/A t 
160: R/A t 
Ca: 
Cx: 

R/A 
R/A 

30 6.00 ELAPSED ZEBO CORE. CORE. IFF. COHSTART * 
TIBE TFBP. HTDBO COBB. FACTOB FACTOR 1 F1RFB DEPTH (TAG*) DIAB. LOG 1T0TAL * 

B B B S (tin.) (0 EEAD1R6 (CORTEOL) t a L.ca I (•a) DIAB. SABPLF t 

25 9 29 0 ****** 0.00 * 
25 9 30 0 ****** 1.00 22.6 33.0 7.07 0.40 0.94 38.01 10.719 0.01332 0.0436 -1.36 27.3J* 
25 9 32 0 ****** 3.00 22.6 28.5 7.07 0.40 0.94 31.51 11.457 0.01332 0.0260 -1.58 22.63* 
25 9 37 0 ****** 8.00 22.5 25.0 7.11 0.40 0.94 26.41 12.031 0.01332 0.0163 -1.79 19.OX* 
25 9 49 0 ****** 20.00 22.6 22.0 7.07 0.40 0.94 22.11 12.523 0.01332 0.0105 -1.98 15.9X* 
25 10 29 0 ****** 60.00 22.6 20.0 7.07 0.40 0.94 19.31 12.851 0.01332 0.0062 -2.21 13.85* 
25 12 37 0 ****** 188.00 22.9 18.0 6.95 0.40 0.94 16.51 13.179 0.01332 0.0035 -2.45 11.9X* 
25 17 12 0 ****** 463.00 23.1 16.5 6.87 0.70 0.94 14.91 13.425 0.01317 0.0022 -2.65 10.7X* 
26 8 20 0 ******1371.00 22.0 15/0 7.31 0.40 0.94 11.71 13.671 0.01332 0.0013 -2.88 8.4X1 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
50JFCT: 
EOJFCT ROBBIE: 
FCBH1C1AB: 

BORSARTO/E1/FS/II 
913-1101 

BF 

GOLDFE ASSOCIATES IRC. * 
TASI: 208 DATE: . 12/2/91 GFOTFCBR1CAL TFST1RG LABOEATOET * 
BFVIFRIB BT: T>(V) EFDBORD, RASHIHGTOR * 

t txxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxtxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 



ttmmmmmmtmmtmtmmmmmmmmmmmmimmmmimmmstmmmmmmmmmmmmmmmummmumm 
•HOBESBEET FOB BOISICBI COBTEBT OF SOILS 
* AS7H D-2216 
tWOEISEIET FOB SIBTI ARC BTDBOBBTIB 
t ASTfl D-422 (H0D1FIED FOB TEHPEHATOBE CBA8GI) 
•HOBESBEET FOB DBF PBFPiBATIOl OF SOILS 
* ASTB D-421 
* UPDATED 3/20/90 B! 0. OSIBB 

«PABT A: 1AT0BAL HOISTOBS COSTEHT*PAET C: Fill FBACTIO* BOISTOBE »PAB! D: COABSE FBACTIOB BOIS7UE-
I i » 
•TABE I: 10 *TABE I: 3 'TABE I: <0 
«TABE (|): 25.11 'TABE (g): 21.59 HABE (g): 73.28 
•HOIST HI. (A): 50.67 'HOIST HI. (g): 60.27 «BOIS? *7. (g): 117.62 
•OFEH BIT HT (g): 19.13 *OFEB DBF NT (g): 59.11 *OTES DBF HT (g): 116.53 
»Ht: 6.12 t'Ht: 2.47XW: 2.52X 

mmmmmmmmtKmttmmmmmmimmmMKmmmmmimmmmmnmtsmmmmKmmmtmmmmmmummm 
•PAST B:SEPABATIOB OF FBACFIOBS 
s 
•NEIGEF TOTAL SABPLE 4 TASE, AIB DBF (g): 
•HSIGBT OF AIB DBF TABE (g): 
•HEIGHT OF -110 TABE (g): 
•HEIGHT OF -110 FBACTIOB * TABE (g): 
•HEIGHT OF -110 FBACTIOB, AIB DBF (g): 
•HEIGBT OF 4110 FBACTOB, AIB DBF (g): 
•OTE1 DBF HEIGBT OF F1BES (g): 
•OTEB DBF HEIGBT OF COABSE FBACTIOB (g): 
•OTEH DBT HEIGBT OF TOTAL SABPLE (g): 

255.06 
106.44 
106.50 
210.33 
101.83 
11.79 
99.38 
13.69 
113.06 

•PABT 
t 
I 
t 

•TABE (g) 

SIEFE OF COABSE FBACTIOB* SABPLE: TD-1 
mmsmmtmmmtummtmmtmtstmmttmmsmi 

COBDLATIFE 
HEIGBT (g) 

PEBCEBT 
FIBEB 

» 

•SIZE 
.« 

FIBAL SESOLTS 
PEBCEBT FIBEB 

t 
t 
a 
* 
t 

mnmmimummmmtttmtmmtttmiummm 
•PABT F: BTDBOHETEB TEST OB F1BE FBACTIOB * 
t » 
•BTDBOHETEB TYPE: 
•BTDBOHETEB BDHBEB: 
.BEAEEB BDHBEB: 
LASE BDHBEB: 

SPECIFIC GBATITT: 
•POBTIOB TESTED: 
•HOIST HT. OF SOIL (g): 
•COBBECTED DBT HT (g): 
•Be 

^B 

1 
1528 

15-1515 
SOL 
9 
2.61 

-110 
66.11 
64.81 
1.00 

3* 
2' 
r 
3/r 
3/8* 
II 

110 
PAB 

73.51 
73.51 
73.51 
73.51 
73.51 
75.93 
83.20 
99.81 

107.67 

t 
100.ott 
100. ou 
100.ott 
100.ott 
98.3tt 
93.2t* 
81.6tt 
76.1tt 

t 

tSTABDASD SOLDTIOB 
tZEBO COBBECTIOB 
i 

BEAD. 
8.00 

3* 
2* 
r 

3/1" 
3/8" 
II 

110 
120 
140 
160 
1100 
1200 
0.0429 
0.0257 
0.0161 
0.0103 
0.0060 
0.0035 
0.0022 
0.0013 

100.Ot 
lOD.Ot 
100.Dt 
100.Ot 
98.3t 
93.21 
81.67 
61.5t 
53.9X 
18.61 

u.e: 

34. Tt 
36.2t 
29.91 
26.lt 
23.6t 
21.7: 
2i.2t  
20.5t 
19.3: 

t SIZE OF B1BIHDB BASS OF 
t LABGEST 4|io POBTIOB 

-t PABT1CLE 
i 
t y 

t 2' 
» r 2O00g 
* 3/r iooog 
* 3/8* 500g 
t 
'BESTS ASTB BEQDIBEBEBT? BO 
mitutmmmmmmtmm 
t 

B/A D10: 
D30: 
D6D: 
Co: 
Ci: 

B/A 
B/A 
B/A 

TEHP. 
19.10 

mmtmmmmmmmmm 
'PABT G: SIEFE OB FIBE FBACTIOB ' 
t t 
t COBDLATIFE PEBCEBT ' 
t HEIGBT FIBEB • 
t 1 
•TABE tg) T3.71 t 
' 120 87.31 79.Ott 
t 110 95.71 66.Ott 
t 160 99.88 59.6X' 
t 1100 105.32 51.2tt 
t 1200 110.91 12.6tt 
mmMmmmmmmmmummmmmmmmmmmmummmummmmm; 

t 
i 
t 
t 
t 
I 
mmmmmmmmmmm 
« BOTES: 
t _ 
t 
I 
t 

• 25.70 5.50 ELAPSED ZEBO COBB. COBB. EFF. COBSTABT t TIBI TEBP. HTDBO COBB. FACTOB FACTOB t FIBEB DEPTH (TAGs) DIAB. LOG tTOTAL 
•D HE 1 S (lit.) (C) BEADIBG (COBTBOL) t a L,ci E (IB) DIAB. SABPLE 

t 25 9 10 0 mm o.OO 
* 25 9 11 0 mm i.oo 22.5 35.0 6.71 0.40 1.00 41.lt 10.391 0.01332 0.0129 -1.37 36.2'-
• 25 9 43 0 mm j.oo 22.5 30.0 6.71 0.(0 1.00 36.6t 11.211 0.01332 0.0257 -1.59 29.9: 
• 25 9 48 0 mm 8.00 22.5 27.0 6.71 0.10 1.00 32. Ot 11.703 0.01332 0.0161 -1.79 26. i: 
' 25 10 0 0 mm 20.00 22.5 25.0 6.71 0.10 1.00 28.9B 12.031 0.01332 0.0103 -1.99 23.6: 
* 25 10 40 0 mm 60.00 22.5 23.5 6.71 0.10 1.00 26.6t 12.277 0.01332 0.0060 -2.22 21.7: 
t 25 12 38 0 mm 178.00 22.8 23.0 6.60 0.10 1.00 26. Ot 12.359 0.01332 0.0035 -2.15 21.2: 
* 25 17 13 0 mm <53.00 23.1 22.0 6.48 0.70 1.00 25.lt 12.523 0.01317 0.0022 -2.66 20.5: 
• 26 
i 

8 21 0 """1361.00 21.9 22.0 6.94 0.20 1.00 23.6t 12.523 0.01348 0.0013 -2.89 19.3: 

""ttmmmmtmmmmmmmmmmmmmmmmmmmtmmmtmtmmmmmtmmmmmmmmmmmmmmmmm 
'PBOJECT: 
•FEOJECT BDHBEB: 
'TECBBICIAB: 

BOBSAHFO/Bl/FS/ID 
913-1101 

BF 
TASE: 
BEFIEHED BF: 

208 DATE: 
$00 

12/2/91 
G0LDEB ASSOCIATES IBC. 
GECTECBBICAL FESTI8G LAB0BAT02! 
BEDBOBD, HASBIBGTOB 

tmmmmmmmmmmtmtmmmmmmmmmmmmsmmmmmmsmmimmKMsmmmmmmmtimmmmmmmm 



imtmmsMimtmmtmmmsmmmtmmmmmmmmummmtmmtsmmmmmnmmmmmtmmiimmmmimmmmm 
'XOBISHEET FOB HD1STDBE COBTEXT OF SOILS >P1B? 1: 
* astb d-2216 * 
*xobesbeet fob sins axd htdbobeteb *tabe »: 
* ASTB 0-422 (BODIFIED FOB TEBPEBATDEl CBAKGE) *TAEE (g): 
tXOEESBEIT FOB DBT PBEPABAIIOB OF SOILS WIST HI. 
* astb d-421 *oyex ib! xi 
t opdatid 3/20/90 bt 0. ostsb *xx: 

1AT0BAL BOISTOEE COXTEXT'PABT C: FIXE FBACTIOX BOISTOBE >FABT D: 
» « 

2T <1111 I: 
25.OB tTABE (g): 

(g): 65.T7 tBOIST XT. (g): 
(g): 60.66 tOYEX DBT XT (g): 

14.36XtKX: 

COABSE FBACTIOX BOISTOBE t 
< 

23 tTABE I: 40 < 
25.15 tTABE (g): TO.76 « 
51.44 tBOIST XT. (g): 109.41 t 
50.01 'OYER DBT XT (g): 108.61 > 
2.06X*Xt: 2.lit 

ttmmmmtmitntittmmmtmtmsKtmtmmttmmmmmmmmmtmmmttmtmmmmnmmmmmtmmmttmtmtmmtt 
tFABT B:SEFABATIOX OF FBACTIOXS tFABT E: SIEVE OF COABSE FBACTIOX* SABPLE: TD-1B t 
t t ******************************************************************* 

tXEI6BT TOTAL SABPLE « TAB!, AIB DBT (g): 219.00 t COBDIATIYS PEBCEXT * FIXAL BESDLTS t SIZE OF BIKIBUB BASS OF * 
*XEI6BT OF AIB DBT TABS (g): 78.46 t WEIGHT (g) FIXEB *SIZE PEBCEXT FIXEB t LABGEST 4110 POBIIOX * 
tXEI6BT OF -110 TABS (g): 78.47 *- PABT1CLE SEQDIBED * 
tXElGBT OF -flO FBACTIOX * TABS (g): 179.84 tTABE (g) T1.31 t y 100.Ot t — t 
'HEIGHT OF -UD FBACTIOX, AIB DBT (g): 101.37 t 3* T1.31 100.ott 2* 100.OX t 3* 5000g * 
tXElCBT OF 4110 FBACTOX, AIB DBT (g): 39.17 t 2* T1.31 100.ott r 100.Ot t 2* 4D00g * 
tOYEX DBT HEIGHT OF FIXES <g): 99.33 t r 71.31 100.ott 3/4* 100.Ot t r 2000g * 
tOYEX DBT XI16BT OF COABSE FBACTIOX (g): 38.36 t 3/4* 71.31 100.ott 3/8" 97.5t t 3/4* lOOOg * 
tOYEX DBT XII6BT OF TOTAL SABFLE (g): 137.69 t 3/6" 74.79 97.51* 14 92.4t t 3/8" 500g * 
uimtttitiuttitttimttitttuttmmtttmtttttmtitttt 14 81.74 92.45" 110 79.9t t 

3/8" 
t 

tFABT F: ITDBOBETEB TEST OX FIXE FBACTIOX t 110 99.00 79.9X* 120 60.2X 'BEETS ASTB EEQUIBEBEXT? XO t 
t i PAX 104.53 75.9t* 140 49.7t mmmmtmmmtmttmtm 
tETDBOBETEB TYPE: 152B t t 160 45.Ot t t 
tETDBOBETEB XDBBEB: 15-1515 ttmmmmtmutmmmtiit 1100 39.lt t D10: X/A t 
tBEAEEB SCHEIE; A tPABT G: SIEVE OX FIXE FBACTIOX t 1200 32.6t t D30: X/A * 
tPLASI XDBBEB: 3 t t 0.0443 29.21 t D60: S/A * 
"®ECIFIC 6BAYITT: 2.78 t CDBDLAT1YE PEBCEXT * 0.0261 25.61 t Cs: X/A * 
JBTIOI TESTED: -110 t HEIGHT FIXEB * 0.0163 21.91 t Ct: l/A At 

tBOIST XT. OF SOIL (g): 65.93 0.0104 20.7X t w* 
tCOBBECTED DBT XT (g): 64.60 tTABE (g) 76.55 t 0.0061 18.4X tmtmmtmmtummtmmt 
tBi: 1.00 t 120 92.46 75.41* 0.0032 17.4X t BOTES: t 
tSTAKDABD SOLDTIOX t 140 100.97 02.21' 0.0021 17.9X t t 
tZEBO COBBICTIOI t 160 104.73 56.4t> 0.0013 16.6t t t 

t 1100 109.56 48.91* t t 
t TEBP. BEAD. t 1200 114.75 40.91* t t 
t 19.00 8.50 mmmtmmitmmmtmmmtmmmtttttmmttttmtmmmmmmmmtmmm 
t 25.30 6.00 ELAPSED ZEBO COBB. COBB. EFF. COXSTAXT * 
t T1BE TEBP. BTDBO COBB. FACTOB FACTOB t FIXEB DEPTB (TAGs) DIAB. LOG XTOTAL t 
*D 
i—... 

BB B S (lit.) (C) BEAD1XG (COXTBOL) t a L,ci E (BB) DIAB. SABPLE * 

* 25 8 56 0 ****** 0.00 a 
* 25 8 57 0 ****** i.oo 22.4 31.0 7.15 0.40 0.97 36.6X 11.047 0.01332 0.0443 -1.35 29.21* 
t 25 8 59 0 ****** 3.00 22.4 28.0 7.15 0.40 0.97 32. Ot 11.539 0.01332 0.0261 -1.58 25.6tt 
* 25 9 4 0 ****** 8.00 22.3 25.0 7.19 0.40 0.97 27.5t 12.031 0.01332 0.0163 -1.79 21.9t* 
t 25 9 16 0 ****** 20.00 22.3 24.0 7.19 0.40 0.97 25.9t 12.195 0.01332 0.0104 -1.98 20.7X* 
* 25 9 56 0 ****** (0.00 22.5 22.0 7.11 0.40 0.97 23.lt 12.523 0.01332 0.0061 -2.22 18.4t* 
* 25 12 34 0 ****** 218.00 22.8 21.0 6.99 0.40 0.97 21. Tt 12.687 0.01332 0.0032 -2.49 17.4X* 
t 25 17 9 0 ****** 193.00 23.1 21.0 6.B7 0.70 0.97 22.4t 12.687 0.01317 0.0021 -2.68 17.9Xt 
t 26 
t 

6 17 0 ******1401.00 21.7 21.0 7.43 0.20 0.97 20.81 12.687 0.01348 0.0013 -2.89 16.61* 
t 

tttuttuittttittmttitttttttttitutttttttittttxtttutt.titttttutttttuuttitttmtttttttttnuttiuttittutttniuttttittttttutntuxittttMttttuttttttt 
tFBOJECT: 
tFBOJECT E0BBEB: 
tTECIXlClAl: 

BOXSAXTO/E1/FS/ID 
313-1101 
BF 

208 DATE .11/21/91 
t 
t 
t 

*ttti***iti**tii*i*tittti»itii*i*ttit **************************************** tMtmmtitittitsmmtmttitimmttttttmtttmmtiuttttimuttttmt* 

TASI: 
BEYIEKED BT: 

60LDEB ASSOCIATES IXC. 
6E0TECBXICAL TEST1X6 LABOBATOBT 
BEDBOXD, XASBIXSTOX 



mmmmmimimtmnmsmtmmmtisitmummimmMmmmmtittimmmmmmummmmmmmummummmmtsutt: 
tROBISBEET fOK BOISTOHE COBTBBT Of SOILS 
* AST! 0-2216 
tROBISHEET FOE SIEVE ABO HTDEOHITEE 
t ASTH 0-422 (B0D1FIBD FOE TEHFEBATDBE CBABGE) 
sHOBlSEEET FOB OBT fBEFABATlOB 01 SOILS 
* ASTH 0-421 
t UPDATED 3/20/90 B1 D. OSTEB 

»PABT A: BATDBAL BOISTOBI C08TERTSPABT C: FIRE FBACTIOB BQ1ST0BB »PABT D: COABSE FBACTIOR BOISTOHE 
t t s  
tTABE I 36 *TABE I: 1 *TABE I: 5 
t T A B E  ( g ) 2 5 . 0 0  « T A B E  ( g ) :  2 5 . 0 0  * T A B S  ( g ) :  6 9 . 0 1  
*B01ST RT. (g): 101.90 *BOIST NT. (g): 66.81 »H0IET RT. (g): 93.30 
tOTEB SB! RT (g): 90.02 >OTEH Si! RT (g): 66.74 *0?EB SB! RT (g): 93.24 
tRX: 5.32URI: 1.11(111: 0.25X 

mttmummimmsmmtmmtmmmmmmmmmmmmtmmmmsstmmmmmmmssmtmmsmmtmmsmmmmtumt-
•PAST B:SEPABATI08 OF FBACTI0BS 
t 
tRBIGBT TOTAL SABPLI * TAB!, All SIT (g): 206.04 
tRBIGBT OF All DBT TABE (g): TO.40 
tRBIGBT OF -110 TAB! (g): TO.42 
tRBIGBT OF -110 FBACTIOB > TAB! (g): 101.23 
tRBIGBT OF -110 FBACTIOB, AIB SIT (g): 102.01 
tRBIGBT OF >110 FSACTOB, AIB SBT (g): 24.75 
tOTBB DBT RB1GBT OF F1BBS (g): 102.64 
tOTBB DBT RBIGBT OF COASSB FBACTIOB (g): 24.69 
tOTBB DBT RBIGBT OF TOTAL SABPLB (g): 127.33 

tPABT B: 
t 
t 
t 
t 
tTABE (g) 
t 
t 
t 
t 
t 

SIBTB OF COABSE FBACTIOB* SABPLB: RDF-1 
tmsttmnmmmttmsmttmmmmtmmmttmmm: 

CORDLATITE 
RBIGBT (g) 

PBBCBBT 
F1BB1 

t 
tSUB 
-j 

FIBAL BBSOLTS 
PBBCBBT FIBBB 

tsmtttimumnmummtmtsmmmmtiittimm 
tPABT F: ETDB01BTBB TEST OB FIBE FBACTIOB 
t 
tBTDBOBBTBB TYPE: 152B 
tBIDBOHETEB BOBBBB: 15-1515 

REAEEB BOBBBB: 10 
LASB BOBBBB: 2 

'SPECIFIC GBATITT: 2.52 
tPOBTlOB TESTED: -110 
tBOIST RT. OF SOIL (g): 60.75 
tCOBBBCTBD DBT RT (g): 60.65 
>B>: 1.00 
tSTARDABD SOLOTIOB 
tZBBO COBBBCTIOB 

t TBBP. BEAD, 
t 19.00 7.50 
t 
t 
tD 
t-
t 
t 
t 
i 
t 
t 
i 
i 

t 
< 
mmtmttsmmimmmm 
'PROJECT: BOBSABTO/B 
tPEOJECT BOBBBB: 913-1101 
tTECBBlClAR: BF 

69.01 t 3' 100.OX 
69.01 100.OXt 2' 100.OX 
69.01 100.OXt 1* 100.OX 
69.01 100.OXt 3/4' 100.OX 

4' 69.01 100.OXt 3/8' 100.OX 
8' 69.01 100.OXt M 100.OX 
4 69.01 100.OXt flO 82.OX 
0 91.97 82.OXt 120 40.2X 

t PAB 93.22 81.OXt 140 18.OX 
t t 160 8.3X 
mmmmmtmmmmutm 9100 3.IX 
tPABT 6: SIBTB OB FIRE FBACTIOB t 9200 1.1X 
t t 0.0517 1.0X 
t COBULATITB PBBCBBT t 0.0299 0.3X 
t RBISBT FIBBB t 0.0183 0.3X 
t 1 0.0116 0.2X 
tTABE (g) 70.06 t 0.0067 0.3X 
t 120 100.98 49.OXt 0.0034 0.5X 
t 140 117.38 22.OXt 0.0023 0.6X 
t 160 124.55 10.2Xt 0.0014 -0.3X 
t 8100 128.44 3.7Xt 
t 1200 129.86 1.4X» 

SUB OF BIBIB0B BASS OF 
LABGBST >110 POBT1DB 
PARTICLE BEQ01BED 

3' SOOOg 
2' 4000g 
1* 2000g 

3/4* lOOOg 
3/8' 500g 

t 
» 

-» 
» 
i 
t 
» 
t 
t 
t 
'BEETS ASTB BE90IBEBEBT? TBS 
tmmsmmmtsmmmimt: 
» 

0.28 
0.68 
1.20 
4.29 
1.35 

D10: 
D30: 
D60: 
Cu: 
C:: 

t 
t 
t 
t 
t 
> 
mmtmtmtmmmmiumi 
t BOTES: 
t 
t 
t 
t 

tmtitsuimmmmttmtsmmmmmtsmmmmmmmtmmmmummmmmi 
25.30 5.00 ELAPSED ZEBO COBB. COBB. EFF. COBSTABT 

TIBE TEBP. ITDBD COBB. FACTOB FACTOB X FIBBB DEPTH (TAGs) D1AB. LOG XT0TAL 
IB B S (lit.) (C) BEAD1BG (COBTBOL) t i L,ci B <») DIAB. SABPLB 

25 8 45 0 " tt 0.00 ' 

25 8 46 0 ti « 1.00 22. 6.5 6.19 0.40 1.03 1.2X 15.065 0.01332 0.0517 -1.29 1.05 
25 8 46 0 " » 3.00 22. 6.0 6.19 0.40 1.03 0.4X 15.147 0.01332 0.0299 -1.52 0.35 
25 8 53 0 " tt 8.00 22. 6.0 6.19 0.40 1.03 0.4X 15.147 0.01332 0.0183 -1.74 0.35 
25 9 5 0 tt tt 20.00 22. 6.0 6.23 0.40 1.03 0.3X 15.147 8.01332 0.0116 -1.94 0.25 
25 9 45 0 « tt 60.00 22. 6.0 6.19 0.40 1.03 0.4X 15.147 0.01332 0.0067 -2.17 0.35 
25 12 34 0 M » 229.00 22. 6.0 6.03 0.40 1.03 0.6X 15.147 0.01332 0.0034 -2.47 0.55 
25 17 8 0 tt » 503.00 22. 6.0 5.99 0.40 1.03 0.7X 15.147 0.01332 0.0023 -2.64 0.65 
26 8 16 0 « "1411.00 21. 6.0 6.43 0.20 1.03 -0.4X 15.117 0.01348 0.0014 -2.85 -0.35 

itmmmnsmmmmmmmtstmsmtmmmiummmmmmunnmumtmmimmmtmsmmusmi 
/FS/ID 

TASB: 
BBT1BBBD BT: 

208 DATE: 
~P?0 

11/13/91 
GOLDBB ASSOCIATES 1BC. 
GBOTBCBBICAL TBST1BG LABOBATOBT 

RASBIBGTOB 
immmsimnmmtmmHmmttmmmmmmssmmtmmtmtmusiimmmimmmmnmtmmsmummmimmmmmimss 



txxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxtxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx- .  
«*0BIS!EZT FOE H0IST0EI COHTSST Of SOILS 
< AST! D-2216 
sHOSISESET FOB SIIff AID BTDBOBETEB 
t AST! S-422 (B0DIF1ED FOB TfSFIEATDE! CBABGE) 
tBOBESHEET FOE D1T PEIPAEATIOB Of SOILS 
* AST! 9-421 
> UPDATED 3/20/90 BT D. OSTEE 

•PAST A: IATDBAL BOISTDBE CO!TEBT«PABT C: FIKE FEACTIOB BOISTOBE *PABI D: COABSE FRACTIOB KOISTUS: 
t t t 
•TABE t: 21 tTABE I: 20 tTABE I: 26 
«TABE (g): 25.01 «TABE (g): 24.86 tTABE (g): 76.34 
»!OIST EI. (g): 100.32 t!OIST IT. (g): 64.43 «BOIST HI. (g): 98.81 
tOTE! DBT BT (g): 96.55 *0¥EH DBT IT (g): 64.24 *OTEE DBT RI (g): 98.72 
W: 5.2TXW: 0.48XtRX: 0.401 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx.  
*PABT B:SEFABATIO! Of EBACTIOIS 
t 
tIEISBT TOTAL SAIFLE 4 TABE, AIB BET (g): 
SNEIGBT Of AIB DBT TABE (g): 
tREIGBT Of -010 TABE (g): 
tREIGBT Of -110 fEACTIO! 4 TABE (g): 
tREIGBT Of -110 FEACTIO!, AIB DBT (g): 
tllEIGBT Of 4110 fBACTOI, AIB DBT (g): 
tOVEl DBT VE1GBT Of FIRES (g): 
tOTE! DBT RE1GBT Of COABSE FEACTIO! (g): 
tOTE! DBT REIGBT Of TOTAL SABPLE (g): 

215.47 
78.48 
78.48 
192.64 
114.16 
22.83 
113.61 
22. T4 
136.35 

tPABT E: 
t 
t 
t 
t 
tTABE (g) 

SIETE OF COABSE fBAC7I0!> SABFLE: BDMA 
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXtXXXXXXXt: 

CDBDLAT1YE 
NEIGBT (g) 

FEBCEBT 
riiEE 

t 
tSIZE 

.» 

FI!AL EESDLTS 
FEBCEBT FIIEB 

t 
t 
t 
t 
t 

mmmmmmtmmmmmmmmmmstmmm 
tPABT f: BTDBOBETEB TEST 0! flBE FEACTIO! t 
t x 
tBTDROBETEE TYPE: 
tBTDBOBETEE EGBBEB: 
SBEA1EB BDBBEB: 
tfLASI BDBBEB: 
tSPECiriC GBATITT: 
tPOBTIOI TESTED: 
tBOIST IT. Of SOIL (g): 
tCOBBECTED DBT BT (g): 
tfin: 

152! 
15-1515 

10 
1 
2.48 

-110 
69.07 
66.74 

1.00 

3* 
2* 
1* 

3/4* 
3/8* 
14 

010 
FAB 

76.34 
76.34 
76.34 
76.34 
76.34 
76.34 
76.34 
98.12 
98.74 

t 
100.OXt 
100.oxt 
100.oxt 
100.oxt 
100.oxt 

100.oxt 
84.0X1 
83.OXt 

t 

tSTAIDABD SOLOTIO! 
tZEBO COBBECTIOI 
i 
« 
t 

3* 
2* 
r 

3/4* 
"3/8* 

04 
010 
020 
040 
060 
0100 
0200 
0.0513 
0.0297 
0.0182 
0.0115 
0.0067 
0.0033 
0.0023 
0.0014 

100.OX 
100.OX 
100.OX 
100.OX 
100.OX 
100.ox 
84.OX 
40.6X 
16.61 

8.5X 
2.6X 
0.9X 
1.3X 
0.7X 
0.7X 
0.7X 
0.2X 
0.3X 
0.4X 
-0.4X 

size or bibibdb bass of 
labgest •110 pobtiob 
pabticle ee001bed 

3' 5000g 
2* 4000g 
r 2000g 

3/4* lOOOg 
3/8* 500g 

TEBF. 
19.10 

BEAD. 
8.50 

mmtmtitutmtmmttmm 
'PAST G: SIETE 0! flBE fEACTIO! t 
t < 
t CDBOLATITE FEBCEBT t 
t BE1GBT FIBER « 
i 1 
tTABE (g) 102.83 t 
> 120 138.37 48.3Xt 
t 140 156.35 22.lXt 
t 160 164.60 lO.IXt 
t 1100 169.44 3.EXt 
* 0200 170.87 l.OXt 
mmmmmmmmmmmmmmmmnmmmmmmmmmmmmmmmm 

x 
t 

-x  
t 
X 
X 
X 
t  
X 
I 
•BEETS AST! BEGOIBEBEBT? TES 
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXl 

/ 

t 
t D1C: 0.28 
t D30: 0.69 
> D6D: 1.20 
« Cu: 4.29 
» CJ: 1.41 
t 
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
t BOTES: 
t 
t 
t 
t 

t 25.70 6.00 ELAPSED ZEB0 COBB. COBB. EFF. CORSTABT 
« TIBE TEBF. BTDBO COBB. FACTOR FACTOI X FIIEB DEPTH (TAGs) DIAB. LOG XTOTAl 
tD I 
X 

IE B S (•it.) 10 BEADIB6 (COBTBOL) t a L.ca E (Bl) D1AH. SABFLE 

t 25 8 34 0 xxxxxx o .DO 
'22.1 t 25 8 35 0 mm 1.00 '22.1 8.0 7.36 0.40 1.03 1.6X 14.819 0.01332 0.0513 -1.29 1.3: 

t 25 8 37 0 mm 3.00 22.1 7.5 7.36 0.40 1.03 0.8X 14.901 0.01332 0.0297 -1.53 0.7: 
* 25 8 42 0 mm 8.00 22.1 7.5 7.36 0.40 1.03 0.6X 14.901 0.01332 0.0182 -1.74 0.7: 
t 25 8 54 0 xxxxxx 20.00 22.1 7.5 7.36 0.40 1.03 D.8X 14.901 0.01332 0.0115 -1.94 0.7: 
* 25 9 34 0 mm 60.00 22.4 7.0 7.25 0.40 1.03 0.2X 14.983 0.01332 0.0067 -2.18 0.2: 
t 25 12 33 0 mm 239.00 22.7 7.0 7.14 0.40 1.03 0.4X 14.983 0.01332 0.0033 -2.48 0.3: 
t 25 17 7 0 mm 513.00 22.9 7.0 7.06 0.40 1.03 0.5X 14.983 0.01332 0.0023 -2.64 0.4: 
t 26 
t 

8 15 0 tm«i421.00 21.7 7.0 7.52 0.20 1.03 -0.5X 14.983 0.01348 0.0014 -2.86 -0.4: 

txxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxi  
tPBOJECT: 
tPBOJICT BDBBEB: 
tTECBBICIAl: 

BOBSABTO/EI/FS/ID 
913-1101 
BE 

TASI: 
BETIEBED BY: 

208 DATE: 

xxxxxJxx 

11/21/91 
GOLDEB ASSOCIATES IBC. 
6E0TECBBICAL TEST1BG LABOBATOET 
BEDBOBD, BASBIBG70B 



xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxt  
xNOSISim FO! 80ISTDEI COSIEST 01 SOILS 
* AST! 9-2216 
XV0EIS1SET FOE SIEYI ASD STDE02ETEE 
* ASTH r-422 (H0DIFII9 FO! TEKFXRATOBE CH11GI) 
HOIISBIIT FO! HE! PBEPAEATIOI OF SOILS 
t 1STE 9-421 
* UPDATED 3/20/90 ET 9. OSIEI 

tPABT A: SATUEAL 10IST0E! COSTEST*PABT C: FIE! FEACTIOE HOISTOS! »PA!T 9: COLES! FRACTION BOISTDEE 
t i t 
tTAEE I: 36 *TAEI I: 1 *TAEE I: S 
*TARI (g): 25.08 XTARE (g): 25.00 <TARE (g): 69.01 
XHOIST EI. (g): 101.90 HOIST SI. (g): 66.01 HOIST SI. (g): 93.30 
*OYIE 9EI ST (g): 96.02 *OTKE BET ST (g): 66.74 *OY£E B!T ST (g): 93.24 
HX: 5.32XHX: 0.17XHX: 0.25X 

•PART BSEPABATIOS OF FRACTIOIS 
t 
HIIGET TOTAL SAEFL! • TA!E. AI! 9!T (g): 
HEIGHT OF AI! Oil TAE! (g): 
HIIGET OF -110 TAII (g): 
HIIGET OF -110 FEACTIOE • TASI (g): 
HIIGET OF -110 FEACTIOE, AI! DRY (g): 
HEIGET OF 4110 FEACTOE, AI! BET (g): 
*OTXI DRY SIIGET OF FIHIS (g): 
*OYEE DEY SIIGET OF COASSI FEACTIOE (g): 
*OYEE DEI SIIGET OF TOTAL SAEPLI (g): 

t 
i 
t 
t 
t 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

206.04 
75.48 
78.42 
181.23 
102.81 
24.75 
102.64 
24.69 
127.33 

»PA!T I: 
l 

* 
t 
t 
*IABI (g) 

SIEYI OF COAES! FEACTIOE* SAEPLI: E9F-1 
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxixxxxx 

•PAST F: ET9S0EITII TEST 01 FIE! FEACTIOE 
t 
*!YBBOHITIE TYPE: 1521 
*BT9BO!ITEE EOEEEE: 15-1515 
BIAEIE EOEEEE: 18 
ILASX EOEBIR: 2 

"ISPICIFIC GEAYITT: 2.52 
*P0ETI0E TISTI9: -110 
HOIST ST. OF SOIL (g): 60.75 
*COEEECTIB DEI ST (g): 60.65 
*Si: 1.00 
*STAE9A!9 S0L0T10E 
*ZISO COEEICTIOE 

* TIEP. IIAB. 
* 19.00 7.50 

3* 
2* 
1* 

3/4* 
3/8* 
14 

110 
PAS 

C0E0LATIY! 
SIIGET (g) 

69.01 
69.01 
69.01 
69.01 
69.01 
69.01 
69.01 
91.97 
93.22 

PIBCIET 
riBii 

* 

*5121 
-i 
i 

100.OX* 
100.ox* 

100.ox* 

100.ox* 

100.ox* 

100.ox* 
82.OX* 
81.OX* 

t 
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
tFAET G: SIIY! OE FIE! FEACTIOE * 
i t 
* COEOLATIYI PEECIET * 
* SIIGET FIEEE * 
x 1  
*TA!I (g) 70.06 * 
* 120 100.96 49.OX* 
* 140 117.38 22.OX* 
* 160 124.55 10.2X* 
* flOO 128.44 3.7X* 
* 1200 129.86 1.4X* 

3* 
2* 
1* 
3/4* 
3/8* 
84 
810 
820 
840 
860 
8100 
8200 
0.0517 
0.0299 
0.0183 
0.0116 
0.0067 
0.0034 
0.0023 
0.0014 

FISAL SISULTS 
PIECIET FIEEE 

100.OX 
100.ox 

100.ox 

100.ox 

100.ox 

100.ox 
82. OX 
40.2X 
18. OX 
8.3X 
3.IX 
1.1X 
1.0X 
0.3X 
0.3X 
0.2X 
0.3X 
D.5X 
0.6X 

-0.3X 

( 

* 
—I 

* 

I 
t 
t 

t 
t 
» 

SII! OF EIEIEOE EASS OF 
LABGIST 4810 P05II0E 
PAETICL! EI90IEI9 

3* 5000g 
2* 4000g 
1* 2000g 
3/4* lOOOg 
3/8* 5D0g ' 

HIITS ASTB II90IBEEEET? YES 
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
t 

0.28 
0.68 
1.20 
4.29 
1.35 

910: 
930: 
960: 
Cu: 
C:: 

t 
t 
t 
I 

* 

I 
X X X X X X X X X X X X X X X X X X X X I X X X X X X X X X X X X I  
* EOTIS: 
» 

t 
* 
I 

X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X l  
* 25.30 5.00 ILAPSE9 ZIEO CORE. COEE. IFF. COESTAET 
t TIE! TIEP. BT9E0 COIR. FACTO! FACTO! X FIBRE Bins (TAGs) 9IAE. LOG XTOTAL 
*9 
1- — 

IE 1 S («ii.) (C) EIA91EG (COETEOL) t i L,ci I (ii) 9IAE. SAEPLI 

* 25 8 45 0 ****** 0.00 
* 25 8 46 0 mm 1.00 22.3 6.5 6.19 0.40 1.03 1.2X 15.065 0.01332 0.0517 -1.29 1.0! 
* 25 8 48 0 mm 3.00 22.3 6.0 6.19 0.40 1.03 0.4X 15.147 0.01332 0.0299 -1.52 0.3: 
* 25 8 53 0 mm o.oo 22.3 6.0 6.19 0.40 1.03 0.4X 15.147 0.01332 0.0183 -1.74 0.3: 
* 25 9 5 0 mm 20.00 22.2 6.0 6.23 0.40 1.03 0.3X 15.147 0.01332 0.0116 -1.94 0.2: 
* 25 9 45 0 mm 60.00 22.3 6.0 6.19 0.40 1.03 0.4X 15.147 0.01332 0.0067 -2.17 0.3: 
* 25 12 34 0 mm 229.00 22.7 6.0 6.03 0.40 1.03 0.6X 15.147 0.01332 0.0034 -2.47 0.5! 
* 25 17 8 0 mm 503.00 22.8 6.0 5.99 0.40 1.03 0.7X 15.147 0.01332 0.0023 -2.64 0.6! 
* 26 
t 

8 16 0 ******1411.00 21.7 6.0 6.43 0.20 1.03 -0.4X ;5.147 0.01348 0.0014 -2.85 -0.3! 

X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X l  
*PEOJICT: 
*PE0JICT EOEEEE: 
*TECEE1CIAS: 

BOESAETO/H/FS/IB 
913-1101 

EF 
TASI: 
BEYIISI9 ET: 

208 9ATI: 
y ? a  

11/13/91 
60LDIE ASSOCIATES IEC. 
6I0TICEE1CAL TISTIEG LABORATORY 
EI9E0E9, SASEIBGTOI 

txxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxtxxxxxxxxxxxxtxxxtxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxtxxxux 



mmmmmmmnmmmmmmmmmmttmmmmmmmmmmmmmmtsmmmimmmmmmtmsmmmmmmmm: 
•EOEISHEET FOS HOISTOBE COBTIST Of SOILS 
« 1ST1 D-221S 
•XOHISHEET FOE SIET1 &5D HYDBOHETEE 
* ASTH 0-122 [EOOIflEO FOE TEHPEBATOEE CHABGE) 
•XOBISHEET FOE DET PEEPAE1TI0K Of SOILS 
* AST! 5-121 
* UPDATED 3/20/90 !T D. OSTIE 

•PAST A: SAIOBAL HOISTOHE COBTERT*PABT C: FIJI FEACTIOE HOISTOBE »PAET D: COAESE FBACTIOS HQI5TDE: 
i t t 
•TAEE I: 24 'TARE I: 20 »TAHE I: 26 
•TARE (g): 2S.01 «TABE {«): 24.06 «!AEE {g): 76.34 
•HOIST XT. (g): 100.32 *BOIST XT. (g): 64.43 WIST XT. (g): 98.81 
•OYEH DET XT (g): 96.95 *0711 DET XT lg): 64.24 »OYEE DET XT (g): 98.72 
•XX: 5.27X*XX: 0.48X»XX: 0.40X 

mmmmmmmmtmmmmmmmmmmmmmmmmmmmmmmmtmmmmmtmmmmmmmmmmmmmmm: 
•PARI B:SEPAEATIO! OF FSACT10ES •PAST E: SIEYE OF COAESE FEACTI0E> SAHPLE: EDF-1A 
t » mmmmmmmmmmmmmmmmmmmtmm: 
•HEIGHT TOTAL SAMPLE * TAEE, AIE DET [;): 215.47 1 C0H0LATIYE PEECEET » FIEAL RESULTS • SIZE OF HIHIHOH HASS OF 
•XEI6BT OF AIE DET TAEE (g): 78.48 1 HEIGHT (g) FIEEE 'SIZE PEECEET FIEEE < LASGEST +110 P0RTI0E 
•HEIGHT Of -110 TAEE (g): 78.48 » --« PAETICLE EES01EED 
•HEIGHT OF -110 FEACTIOE * TAEE (g): 192.64 •TAEE (g) 76.34 1 3* 100.OX t 
•HEIGHT OF -110 FEACTIOE, AIE DET ((): 114.16 » 3* 76.34 100.07' 2* 100.OX » 3- 500Cg 
•HEIGHT OF 4110 FSACTOX, AIE DET (g): 22.83 • 2* 76.34 100.01' r 100.OX « 2* 4000g 
•07EE DET HEIGHT Of FIEES (g): 113.61 » 1* 76.34 100. Of 3/4' 100.OX » r 2000g 
•OTEE DET XEIGBT OF COAESE FEACTIOE (g): 22.74 « 3/4' 76.34 100. ox* 3/8* 100.OX « 3/4* lOOOg 
•OTIS DET HEIGHT OF TOTAL SAHPLE (g): 136.35 « 3/8' 76.34 100.ox< 04 100.OX » 3/8* 500g 
mmmmmmmmmmmmmmmmmmmm 14 76.34 100. Of 010 84. OX t 

500g 

•PAST F: BTDEOHETEB TEST OE F1EE FEACTIOE > 010 98.12 84. Of 020 40.6X •HEETS ASTH EEQDIEEKEHT? IES 
t > PAE 98.74 83.6f 040 IS.SI mmmimmsmmmtmm 
•HYDBOHETES TYPE: 152H t « 060 8.5X t 
•HYDEOHITEE HGHBEE: 15-1515 mmmmmmmmmmtm 0100 2.6X « D10: 0.28 
•BEAIES EDHBEH: 10 •PAST G: SIE7E OE FIBS FEACTIOE < 0200 0.9X ' D30: 0.69 
•FLASI EOEBEE: 1 1 1 0.0513 1.35 « D60: 1.20 
•SPECIFIC GEAYITY: 2.48 t CBHDLATIYE PEECEET » 0.0297 0.7X « Cn: 4.29 
•P0ETI0E TESTED: -110 X HEIGHT FIEEE « 0.0182 0.7X • C;: 1.41 
•HOIST XT. OF SOIL (g): 69.07 t 0.0115 0.7X t 
•COEBECTID DET XT lg): 68.74 •TAEE (g) 102.83 t 0.0067 0.2X mmmmmmmmmmm 
•E«: 1.00 • 120 138.37 48.3f 0.0033 0.3X ' BOTES: 
•STAEDAED S0LUTI0B < 140 156.35 22. If 0.0023 0.4X s 
•ZEEO C0EEECT10E • 060 164.60 10.If 0.0014 -0.4X t 
» > 1100 169.44 3. If 1 
• TEH?. BEAD. • 0200 170.87 l.Of t 
• 19.10 8.50 mmmmmmmmmmummmmummmmmmsmmmmmmmmmmm 
• 25.70 .6.00 ELAPSED 2EH0 COHE. COEE. EFF. COXSTAET 
* TIHE TEHP. HYDEO COEE. FACTOE FACTOE X FIEEE DEPTH (TAGs) DIAH. LOG XTOTAL 
*D HE H S (iii.) 
1 

(0 EEAD1BG (COBTEOL) t a L,ci E (u) DIAH. SAHPLE 

25 
25 
25 
25 
25 
25 
25 
25 
26 

12 
17 
8 

34 
35 
37 
42 
54 
34 
33 
7 
15 

t 
t 
a 
t 
t 
t 
t 
t 
I 
t 

•••mmmmmmmmmttmmmmmmmmmmmmmmmmmmmmtmmmmmmmmmmmmmmmmtmtmmmm 

0 mm 
0 mm 
0 mm 
0 mm 
0 mm 
0 mm 
0 mm 239.00 
0 mm J13.09 
0 m««H21.00 

0.00 
1.00 
3.00 
8.00 

20.00 
60.00 

22.1 8.0 7.36 0.40 1.03 1.6X 14.819 0.01332 0.0513 -1.29 1.3: 
22.1 7.5 7.36 0.40 1.03 0.8X 14.901 0.01332 0.0297 -1.53 0.7: 
22.1 7.5 7.36 0.40 1.03 0.85 14.901 0.01332 0.0182 -1.74 0.7: 
22.1 7.5 7.36 0.40 1.03 0.8X 14.901 0.01332 0.0115 -1.94 0.7: 
22.4 7.0 7.25 0.40 1.03 0.2X 14.983 0.01332 0.0067 -2.18 0.2: 
22.7 7.0 7.14 0.40 1.03 0.4X 14.983 0.01332 0.0033 -2.46 0.35 
22.9 7.0 7.06 0.40 1.03 0.5X 14.983 0.01332 0.0023 -2.64 0.45 
21.7 7.0 7.52 0.20 1.03 -0.5X 14.983 0.01348 0.0014 -2.86 -0.45 

•PROJECT: 
•PROJECT KDHBEB: 
tTECEXIClAI: 

HOHSAXTO/BI/FS/ID 
913-1101 
HF 

TASI: 
REYIEHED BY: 

208 

smmmmmmmmmmmmmmmmmmmmmmmmmmmmmummmmmmmmmmmmmmmtmmmmmmmi 

DATE: . 

—w mmmm 

11/21/91 
GOLDER ASSOCIATES IBC. 
CE0TEC1IICAL TSSTIB5 LASOBATOET 
EEDHOHD, XASHIB6T0B 



APPENDIX B-2 

PHASE II SAMPLES 



SCHEDULE OF LABORATORY TESTS 

PROJECT TITLE 

PROJECT NUMBER 

ENGR. 

^ WUo \ 

MGR. 

/ Y3- WS s / IT> 

DATE IN Yl-n-^Z 

DATE DUE 



GOLDER ASSOCIATES INC., REDMOND, WA 

SUMMARY OF MOISTURE CONTENT (ASTM D-2216) 
AND SPECIFIC GRAVITY (ASTM D-854) 

PROJECT: MONSANTO/RI/FS ROADS/ID 
PROJ. NO: 913-1101.601 
DATE: 1-26-93 
TECH: MF 
REVIEW: DPO 

MOISTURE SPECIFIC 

SAMPLE ID CONTENT GRAVITY 
(%) 

Quartzite Haul Road 11.4 2.62 

West Service Road 10.5 2.76 

Ore Haul Road 12.0 2.71 

Slag Haul Road - 2.71 

East Service Road " 2.71 



WORKSHEET 

AS 
WORKSHEET!^^DRY PREPARATION OF SOILS 

ASTM D-421 
WORKSHEET FOR MOISTURE CONTENT OF SOILS 

ASTM D-2216 
UPDATED 11/26/91 BY D. OSTER 

5ET ML HYDROMETER AND SIEVE 
iTM^B (MODIFIED FOR TEMPERATURE CHANGE) 
EET^Wl 

PART A: NATURAL MOIS; 

TARE #: 
TARE (g): 
MOIST WT.(g): 
OVEN DRY WT(g): 
W%: 

ioisj|^ 

0.00 
0.00 
0.00 

PART G #10 MOISTURE 

TARE #: 
TARE (g): 
MOIST WT.(g): 
OVEN DRY WT(g): 
W%: 

62 
31.30 

103.63 
102.14 

2.1% 

PART D: +#10 MOISTURE 

TARE #: 
TARE (g): 
MOIST WT.(g): 
OVEN DRY WT(g): 
W%: 

34? 
73.11 

574.28 
571.69 

0.5% 

PART B: SEPARATION OF FRACTIONS 

WEIGHT TOTAL SAMPLE + TARE, AIR DRY (g): 
WEIGHT OF AIR DRY TARE (g): 
WEIGHT OF -#10 TARE (g): 
WEIGHT OF -#10 FRACTION + TARE (g): 
WEIGHT OF -#10 FRACTION, AIR DRY (g): 
WEIGHT OF +#10 FRACTON, AIR DRY (g): 
OVEN DRY WEIGHT OF FINES (g): 
OVEN DRY WEIGHT OF COARSE FRACTION (g): 
OVEN DRY WEIGHT OF TOTAL SAMPLE (g): 

1624.90 
276.21 
276.21 

1123.73 

PART E: SIEVE OF + # 10 

CUM PERCENT 
WEIGHT FINER 

847.52 
501.17 
830.06 
498.58 

1328.64 

PART F: HYDROMETER TEST ON FINE FRACTION 

TARE (g) 
3" 
2" 

1" 

3/4" 
3/8" 
#4 
#10 

73.13 
73.13 
73.13 
73.13 
82J4 

181.83 
340.02 
504.91 

100.0% 
100.0% 
100.0% 

993% 
913% 
79.9% 
673% 

HYDROMETER TYPE: 
HYDROMETER NUMBER: 
BEAKER NUMBER: 
FLASK NUMBER: 
SPECIFIC GRAVITY: 
PORTION TESTED: 
MOIST WT. OF SOIL (g): 
CORRECTED DRY WT (g): 
Rm: 

STANDARD SOLUTION 
ZERO CORRECTION 

152H 
15-1515 

A 
7 
2.71 

-#10 
69.41 
67.98 

1 

TEMP. READ. 
19.4 8.0 
27.0 6.0 

PART G: SIEVE OF-#10 

CUM PERCENT 
WEIGHT FINER 

TARE (g) 
#20 
#40 
#60 

#100 

#200 

7832 
91.18 
9837 

103.78 
111.11 
121.48 

81.4% 
703% 
62.8% 
52.1% 
36.8% 

D HR M 

ELAPSED 
TIME TF.MP. 

(Q 
HYDRO 
READING 

ZERO 
CORR. 

(CONT.) 

CORR. 
FACTOR 

I 

CORR. 
FACTOR 

a 

FINAL RESULTS 

GRAIN PERCENT 
SIZE FINER 

3" 
2" 

1" 

3/4" 
3/8" 
#4 
#10 
#20 
#40 
#60 
#100 
#200 
0.0471 
0.0281 
0.0175 
0.0112 
0.0065 
0.0037 

0.0023 
0.0014 

100.0% 
100.0% 
100.0% 
993% 
91.8% 
79.9% 
67.5% 
54.9% 
47.6% 
42.4% 
35.1% 
24.8% 
16.5% 
11.6% 

8.6% 

6.7% 
4.8% 
4.5% 

3.1% 
2.2% 

% FINER 
EFF. 

DEPTH 
L,cm 

BORING: 
SAMPLE: 
DEPTH: 

COLOR: 

East Service 
Road 

iGrayish brown (5 YR 3/2), 

DESCRIPTION: 
c-f SAND, some silt, 
some f gravel, (SM). 

USCS: 

LL: 
PL: 
PI: 

D10: 
D30: 
D60: 
Cu: 
Cz: 

SM 

N/A 
N/A 
N/A 
N/A 
N/A 

CONSTANT 
(T&Gs) 

K 
DIAM. 
(mm) 

LOG %TOTAL 
DIAM SAMPLE 

27 9 38 0 0.0 
27 9 39 0 1.0 21.7 24.0 

27 9 41 0 3.0 21.7 19.0 

27 9 46 0 8.0 21.7 16.0 
27 9 58 0 20.0 21.8 14.0 

27 10 38 0 60.0 21.9 12.0 

27 12 38 0 180.0 22.1 113 

27 17 38 0 480.0 223 10.0 

28 9 39 0 1441.0 21.6 93 

7.4 0.2 1.0 24.4% 12.195 0.01348 0.0471 -1.33 16.5% 

7.4 0.2 1.0 17.2% 13.015 0.01348 0.0281 -135 11.6% 

7.4 0.2 1.0 12.8% 13.507 0.01348 0.0175 -1.76 8.6% 

7.4 0.2 1.0 9.9% 13.835 0.01348 0.0112 -1.95 6.7% 

73 0.2 1.0 7.1% 14.163 0.01348 0.0065 -2.18 4.8% 

7.3 0.4 1.0 6.7% 14.245 0.01332 0.0037 -2.43 4.5% 

7.2 0.4 1.0 4.6% 14.491 0.01332 0.0023 -2.64 3.1% 

7.4 0.2 1.0 3.3% 14373 0.01348 0.0014 -2.87 2.2% 

PROJECT: MONSANTO/RI/FS ROADS/ID 
PROJECT NUMBER: 913-1101.601 
TECHNICIAN: MF/BA 

DATE: 1-29-92 
REVIEWED BY: DPO 

GOLDER ASSOCIATES INC 
GEOTECHNICAL TESTING LABORATORY 
REDMOND, WASHINGTON 



WORKSHEET FOR HYDROMETER AND SIEVE 
ASTM D-422 (MODIFIED FOR TEMPERATURE CHANGE) 

WORKSHEET FOR DRY PREPARATION OF SOILS 
ASTM D-421 

WORKSHEET FOR MOISTURE CONTENT OF SOILS 
ASTM D-2216 
UPDATED 11/26/91 BY P. OSTER 

PART B: SEPARATION OF FRACTIONS 

WEIGHT TOTAL SAMPLE + TARE, AIR DRY (g): 
WEIGHT OF AIR DRY TARE (g): 
WEIGHT OF #10 TARE (g): 
WEIGHT OF -#10 FRACTION + TARE (g): 
WEIGHT OF -#10 FRACTION, AIR DRY (g): 
WEIGHT OF +#10 FRACTON, AIR DRY (g): 
OVEN DRY WEIGHT OF FINES (g): 
OVEN DRY WEIGHT OF COARSE FRACTION (g): 
OVEN DRY WEIGHT OF TOTAL SAMPLE (g): 

1263.10 
254.04 
254.04 
804.63 
550.59 
458.47 
545.68 
456.82 

100230 

PART F: HYDROMETER TEST ON FINE FRACTION 

HYDROMETER TYPE: 152H 
HYDROMETER NUMBER: 15-1515 
BEAKER NUMBER: 1 
FLASK NUMBER: 3 
SPECIFIC GRAVITY: 2.76 
PORTION TESTED: -#10 
MOIST WT. OF SOIL (g): 68.46 
CORRECTED DRY WT (g): 
Rm: 

67.85 
1 

TEMP. READ. 
STANDARD SOLUTION 19.4 8.0 

ZERO CORRECTION 27.0 6.0 

PART A: NATURAL MOISTURE 

TARE #: 
TARE (g): 
MOIST WT.(g): 
OVEN DRY WT(g): 
W%: 

23 
76.94 

770.11 
704.42 
10.5% 

PARTE: SIEVE OF+#10 

CUM PERCENT 
WEIGHT FINER GRAIN PERCENT 

SIZE FINER 

TARE (g) 75.98 
3" 75.98 100.0% 3" 100.0% 

2" 75.98 100.0% 2" 100.0% 

1" 110.60 96.5% 1" 96.5% 

3/4" 110.60 963% 3/4" 96.5% 

3/8" 187.84 88.8% 3/8" 88.8% 

#4 351.11 72.6% #4 72.6% 

#10 509.88 56.7% #10 56.7% 
#20 44.8% 
#40 37.2% 
#60 31.6% 

PARTG: SIEVE OF-#10 #100 24.3% 
#200 17.1% 

CUM PERCENT 0.0479 11.6% 
WEIGHT FINER 0.0284 8.0% 

0.0176 6.3% 

TARE(g) 77.93 0.0112 5.1% 

#20 92.17 79.0% 0.0065 4.0% 

#40 10131 653% 0.0038 3.4% 

#60 107.98 55.7% 0.0023 2.6% 

#100 116.76 42.8% 0.0014 2.2% 

#200 125.28 30.2% 

PARTG -#10 MOISTURE 

TARE #: 
TARE (g): 
MOIST WT.(g): 
OVEN DRYWT(g): 
W%: 

11 

25.18 
90.18 
89.60 
0.9% 

FINAL RESULTS 

PART D: +#10 MOISTURE 

TARE #: 
TARE (g): 
MOIST WT. (g): 
OVEN DRY WT(g): 
W%: 

OH 
75.97 

534.44 
532.79 

0.4% 

BORING: 
SAMPLE: 
DEPTH: 

COLOR: 

West Service 
Road 

| Olive gray (5 Y 3/2), 

DESCRIPTION: 
c-f SAND, some c-f gravel, 
some silt, (SM). 

USCS: 

LL: 
PL: 
PI: 

D10: 
D30: 
D60: 
Cu: 
Cr 

SM 

N/A 
N/A 
N/A 
N/A 
N/A 

HR M 

ELAPSED 
TIME TEMP. 
("""•) <C> 

HYDRO 
READING 

ZERO 
CORR. 

(CONT.) 

CORR. 
FACTOR 

t 

CORR. 
FACTOR 

a 

EFF. 
% FINER DEPTH 

L,cm 

CONSTANT 
(T&Gs) 

K 
DIAM. 
(mm) 

LOG %TOTAL 
DIAM SAMPLE 

27 9 5 0 0.0 
27 9 6 0 1.0 21.4 213 

27 9 8 0 3.0 21.4 17.0 

27 9 13 0 8.0 21.5 15.0 
27 9 25 0 20.0 21.6 13.5 

27 10 5 0 60.0 21.8 12.0 

27 12 5 0 180.0 22.1 11.0 

27 17 5 0 480.0 22.3 10.0 

28 9 5 0 1440.0 21.2 10.0 

7.5 0.2 1.0 20.5% 12.605 0.01348 0.0479 -132 11.6% 

7.5 0.2 1.0 14.0% 13343 0.01348 0.0284 -135 8.0% 

7.4 0.2 1.0 11.2% 13.671 0.01348 0.0176 -1.75 6.3% 

7.4 0.2 1.0 9.1% 13.917 0.01348 0.0112 -1.95 5.1% 

7.4 0.2 1.0 7.0% 14.163 0.01348 0.0065 -2.18 4.0% 

7.3 0.4 1.0 5.9% 14.327 0.01332 0.0038 -2.43 3.4% 

7.2 0.4 1.0 4.6% 14.491 0.01332 0.0023 -2.64 2.6% 

73 0.2 1.0 3.9% 14.491 0.01348 0.0014 -2.87 2.2% 

PROJECT-
PROJECT NUMBER: 
TECHNICIAl 

MONSANTO/ RI/ FS ROADS/ ID 
913-1101.601 
MF/BA 

DATE: 
REVIEWED BY: 

1-29-92 
DB 

GOLDER ASSOCIATES INC. 
GEOTECHNICAL TESTING LABORATORY 
REDMOND. WASHINGTON 



PART B: SEPARATION OF FRACTIONS 

WEIGHT TOTAL SAMPLE + TARE, AIR DRY (g): 
WEIGHT OF AIR DRY TARE (g): 
WEIGHT OF #10 TARE (g): 
WEIGHT OF #10 FRACTION + TARE (g): 
WEIGHT OF -#10 FRACTION, AIR DRY (g): 
WEIGHT OF +#10 FRACTON. AIR DRY (g): 
OVEN DRY WEIGHT OF FINES (g): 
OVEN DRY WEIGHT OF COARSE FRACTION (g): 
OVEN DRY WEIGHT OF TOTAL SAMPLE (g): 

WORKSHEET H^kHYDROMETER AND SIEVE 
ASTM (MODIFIED FOR TEMPERATURE CHANGE) 

WORKSHEET FOTDRY PREPARATION OF SOILS 
ASTM D-421 

WORKSIIEET FOR MOISTURE CONTENT OF SOILS 
ASTM D-2216 
UPDATED 11/26/91 BY D. OSTER 

1028.20 

190.81 
190.81 
734.60 
543.79 
293.60 
538.05 
29359 
831.64 

PART F: HYDROMETER TEST ON FINE FRACTION 

HYDROMETER TYPE: 
HYDROMETER NUMBER: 
BEAKER NUMBER: 
FLASK NUMBER: 
SPECIFIC GRAVITY: 
PORTION TESTED: 
MOIST WT. OF SOIL (g): 
CORRECTED DRY WT (g): 
Rm: 

STANDARD SOLUTION 
ZERO CORRECTION 

152H 
15-1515 

3 
2 

2.62 
-#10 

68.67 
67.95 

1 

TEMP. READ. 
19.4 8.0 
27.0 6.0 

PART A: NATURAL MOI! 

TARE #: 
TARE (g): 
MOIST WT.(g): 
OVEN DRY WT (g): 
W%: 

40I5T^2 

64.87 
78657 
712.98 
11.4% 

PART E: SIEVE OF +#10 

CUM PERCENT 
WEIGHT FINER 

TARE (g) 70.08 

3" 70.08 100.0% 

r 70.08 100.0% 

i" 70.08 100.0% 

3/4" 70.08 100.0% 

3/8" 116.72 94.4% 

#4 195.38 84.9% 

#10 325.50 695% 

PARTG: SIEVE OF-#10 

CUM PERCENT 
WEIGHT FINER 

TARE (g) 
#20 
#40 
#60 
#100 

#200 

6555 
74.08 
79.21 
8859 

106.16 
115.61 

87.4% 
79.9% 
66.4% 
40.2% 
265% 

D HR M 

ELAPSED 
TIME 
(min.) 

TEMP. 
<C> 

HYDRO 
READING 

ZERO 
CORR. 

(CONT.) 

CORR. 
FACTOR 

t 

CORR. 
FACTOR 

a 

PART C: #10 MOISTURE 

TARE #: 
TARE (g): 
MOIST WT.(g): 
OVEN DRY WT (g): 
W%: 

20 
21.82 

88.19 
87.49 
1.1% 

FINAL RESULTS 

GRAIN PERCENT 
SIZE FINER 

3" 
2" 

1" 

3/4" 
3/8" 
#4 
#10 
#20 
#40 
#60 
#100 
#200 
0.0479 
0.0281 
0.0175 
0.0111 
0.0065 
0.0037 
0.0023 
0.0013 

100.0% 
100.0% 
100.0% 
100.0% 

94.4% 
84.9% 
69.3% 
60.6% 

55.4% 
46.0% 
27.9% 
18.2% 

14.6% 
12.0% 

9.4% 
7.9% 
7.0% 
5.8% 

3.8% 

% FINER 
EFF. 

DEPTH 
L,cm 

PART D: +#10 MOISTURE 

TARE #: 
TARE (g): 
MOIST WT.(g): 
OVEN DRY WT(g): 
W%: 

70.09 
369.91 
369.90 

0.0% 

BORING: 
SAMPLE: 
DEPTH: 

COLOR: 

Quartzite 
Haul Road 

| Dusky yellowish brown (10 YR 2/2), 

DESCRIPTION: 
c-f SAND, some silt, 
some f gravel, (SM). 

USCS: 1 SM | 

LL: 
PL: 
PI: 

D10 
D30 
D60 
Cu: 
Cz: 

N/A 
N/A 
N/A 
N/A 
N/A 

CONSTANT 
(T&Gs) 

K 
DIAM. 
(mm) 

LOG %TOTAL 
DIAM SAMPLE 

27 8 54 0 0.0 
0.01348 0.0479 

27 8 55 0 1.0 21.3 21.5 7.5 0.2 1.0 21.0% 15605 0.01348 0.0479 

27 8 57 0 3.0 21.3 19.0 7.5 0.2 1.0 175% 13.015 0.01348 0.0281 

27 9 2 0 8.0 21.3 165 7.5 05 1.0 13.6% 13.425 0.01348 0.0175 

27 9 14 0 20.0 21.4 15.0 7.5 05 1.0 11.4% 13.671 0.01348 0.0111 

27 9 54 0 60.0 21.8 14.0 7.4 0.2 1.0 10.1% 13.835 0.01348 0.0065 

27 11 54 0 180.0 22.1 125 75 0.4 1.0 85% 14.081 0.01332 0.0037 

27 16 54 0 480.0 22.2 115 7.3 0.4 1.0 6.9% 14.245 0.01332 0.0023 

28 8 54 0 1440.0 21.2 11.0 75 0.2 1.0 5.4% 14.327 0.01348 0.0013 

-1.32 
-1.55 
-1.76 
-1.95 
-2.19 
-2.43 
-2.64 
-2.87 

14.6% 
12.0% 
9.4% 
7.9% 
7.0% 

5.8% 
4.8% 
3.8% 

PROJECT: MONSANTO/RI/FS ROADS/ID GOLDER ASSOCIATES INC 
PROJECTNUMBER: 913-1101.601 DATE: 1-29-92 GEOTECHNICALTESTING LABORATORY 
TECHNICIAN: MF/BA REVIEWED BY: DPO REDMOND, WASHINGTON 



WORKSHEET FOR HYDROMETER AND SIEVE 
ASTM D-422 (MODIFIED FOR TEMPERATURE CHANGE) 

WORKSHEET FOR DRY PREPARATION OF SOILS 
ASTM D-421 

WORKSHEET FOR MOISTURE CONTENT OF SOILS 
ASTM D-2216 
UPDATED 11/26/91 BY D. OSTER 

PART B: SEPARATION OF FRACTIONS 

WEIGHT TOTAL SAMPLE + TARE, AIR DRY (g): 
WEIGHT OF AIR DRY TARE (g): 
WEIGHT OF -#10 TARE (g): 
WEIGHT OF -#10 FRACTION + TARE (g): 
WEIGHT OF -#10 FRACTION, AIR DRY (g): 
WEIGHT OF +#10 FRACTON, AIR DRY (g): 
OVEN DRY WEIGHT OF FINES (g): 
OVEN DRY WEIGHT OF COARSE FRACTION (g): 
OVEN DRY WEIGHT OF TOTAL SAMPLE (g): 

1406.10 
197.92 
197.92 
910.07 
712.15 
496.03 
695.64 
491.73 

1187.37 

PART F: HYDROMETER TEST ON FINE FRACTION 

HYDROMETER TYPE: 
HYDROMETER NUMBER: 
BEAKER NUMBER: 
FLASK NUMBER: 
SPECIFIC GRAVITY: 
PORTION TESTED: 
MOIST WT. OF SOIL (g): 
CORRECTED DRY WT(g): 
Rm: 

STANDARD SOLUTION 
ZERO CORRECTION 

152H 
15-1515 

4 
4 

2.71 
#10 
69.15 
67.55 

1 

TEMP. READ. 
19.4 8.0 
27.0 6.0 

PART A: NATURAL MOISTURE 

TARE #: 
TARE (g): 
MOIST WT.(g): 
OVEN DRY WT(g): 
W%: 

S-37 
74.45 

598.77 
542.63 
12.0% 

PART E: SIEVE OF +#10 

CUM PERCENT 
WEIGHT FINER 

TARE (g) 75.91 

3" 75.91 100.0% 

2" 75.91 100.0% 

1" 75.91 100.0% 

3/4" 122.72 96.1% 

3/8" 182.71 91.0% 

#4 321.86 793% 
#10 475.08 66.4% 

PART G: SIEVE OF-#10 

CUM PERCENT 
WEIGHT FINER 

TARE (g) 
#20 
#40 
#60 
#100 
#200 

78.46 
87.20 
93.81 

101.34 
113.76 
123.67 

87.1% 
773% 
66.1% 
47.7% 
33.1% 

PART C: #10 MOISTURE 

TARE #: 
TARE (g): 
MOIST WT.(g): 
OVEN DRY WT(g): 
W%: 

36 
25.14 

108.80 
106.86 

2.4% 

FINAL RESULTS 

GRAIN PERCENT 
SIZE FINER 

3" 
2" 

1" 

3/4" 
3/8" 
#4 
#10 
#20 
#40 
#60 
#100 
#200 
0.0468 
0.0277 
0.0172 
0.0110 
0.0064 
0.0037 
0.0023 
0.0013 

100.0% 

100.0% 
100.0% 

96.1% 
91.0% 
79.3% 
66.4% 
57.8% 
51.3% 
43.9% 
31.7% 
22.0% 
17.2% 
13.4% 
11.4% 

9.5% 
7.6% 
6.9% 
5.5% 
4.6% 

PART D: +#10 MOISTURE 

TARE #: 
TARE (g): 
MOIST WT.(g): 
OVEN DRY WT(g): 
W%: 

24 
75.91 

571.94 
567.64 

0.9% 

BORING: 
SAMPLE: 
DEPTH: 

COLOR: 

Ore Haul Road 

I Dusky brown (5 YR 2/2), 

DESCRIPTION: 
c-f SAND, some silt, 
some c-f gravel, (SM). 

USCS: 

LL: 
PL: 
PI: 

SM 

D10: N/A 
D30: N/A 
D60: N/A 
Cu: N/A 
Cz: N/A 

ELAPSED 

D HR M S 
TIME 
(min.) 

TEMP. 
(C) 

HYDRO 
READING 

7.7 9 16 0 0.0 

27 9 17 0 1.0 21.5 25.0 

7.7 9 19 0 3.0 21.5 21.0 

7.7 9 24 0 8.0 21.5 19.0 

27 9 36 0 20.0 21.6 17.0 

7.7 10 16 0 60.0 21.8 15.0 

7,7 12 16 0 180.0 22.1 14.0 

27 17 16 0 480.0 22.3 12.5 

28 9 16 0 1440.0 21.4 12.0 

ZERO 
CORR. 

(CONT.) 

CORR. 
FACTOR 

t 

CORR. 
FACTOR 

EFF. 
% FINER DEPTH 

L,cm 

CONSTANT 
(T&Gs) 

K 
DIAM. 
(mm) 

LOG %TOTAL 
DIAM SAMPLE 

7.4 0.2 1.0 26.0% 12.031 0.01348 0.0468 -1.33 17.2% 

7.4 0.2 1.0 20.1% 12.687 0.01348 0.0277 -1.56 13.4% 

7.4 0.2 1.0 17.2% 13.015 0.01348 0.0172 -1.76 11.4% 

7.4 0.2 1.0 143% 13.343 0.01348 0.0110 -1.96 9.5% 

7.4 0.2 1.0 11.5% 13.671 0.01348 0.0064 -2.19 7.6% 

73 0.4 1.0 10.4% 13.835 0.01332 0.0037 -Z43 6.9% 

7.2 0.4 1.0 83% 14.081 0.01332 0.0023 -2.64 5.5% 

73 0.2 1.0 6.9% 14.163 0.01348 0.0013 -2.87 4.6% 

PROJECT 
PROJECT NU, 
TECHNIC! 

NUMBER: 

'W-

MONSANTO/ RI/ FS ROADS/ ID 
913-1101.601 

MF/BA 

DATE: 
REVIEWED BY: 

1-29-92 

• 
GOLDER ASSOCIATES INC. 
GEOTECHNICAL TESTING LABORATORY 
REDMOND. WASHINGTON 



WORKSHEE^ML HYDROMETER AND SIEVE 
ASTl^Rz (MODIFIED FOR TEMPERATURE CHANGE) 

WORKSHEE^TOR DRY PREPARATION OF SOILS 
ASTM D-421 

WORKSHEET FOR MOISTURE CONTENT OF SOILS 
ASTM D-2216 
UPDATED 11/26/91 BY D. OSTER 

PART A: NATURAL MO 

TARE #: 
TARE (g): 
MOIST WT.(g): 
OVEN DRY WT (g): 
W%: 

0.00 
0.00 
0.00 

PART C: #10 MOISTURE 

TARE #: 
TARE (g): 
MOIST WT.(g): 
OVEN DRY WT(g): 
W%: 

25.03 
105.30 
102.47 

3.7% 

PART D: +#10 MOISTURE 

TARE #: 
TARE (g): 
MOIST WT.(g): 
OVEN DRY WT(g): 
W%: 

73.73 
948.50 
939.50 

1.0% 

PART B: SEPARATION OF FRACTIONS 

WEIGHT TOTAL SAMPLE + TARE, AIR DRY (g): 
WEIGHT OF AIR DRY TARE (g): 
WEIGHT OF -#10 TARE (g): 
WEIGHT OF #10 FRACTION + TARE (g): 
WEIGHT OF #10 FRACTION, AIR DRY (g): 
WEIGHTOF +#I0FRACTON, AIR DRY(g): 
OVEN DRY WEIGHT OF FINES (g): 
OVEN DRY WEIGHT OF COARSE FRACTION (g): 
OVEN DRY WEIGHT OF TOTAL SAMPLE (g): 

1752.90 
320.58 
320.58 
878.13 

PARTE: SIEVE OF+#10 

CUM PERCENT 
WEIGHT FINER 

557.55 
874.77 
537.89 
865.77 

1403.66 

PART F: HYDROMETER TEST ON FINE FRACTION 

TARE (g) 107.69 
3" 107.69 100.0% 
2" 107.69 100.0% 

1" 107.69 100.0% 
3/4" 144.02 97.4% 

3/8" 403.69 78.9% 
#4 695.26 58.1% 
#10 943.70 40.4% 

HYDROMETER TYPE: 
HYDROMETER NUMBER: 
BEAKER NUMBER: 
FLASK NUMBER: 
SPECIFIC GRAVITY: 
PORTION TESTED: 
MOIST WT. OF SOIL (g): 
CORRECTED DRY WT (g): 
Rm: 

STANDARD SOLUTION 
ZERO CORRECTION 

152H 
15-1515 

24 
5 

2.71 
-#10 

69.15 
66.71 

1 

TEMP. READ. 
19.4 8.0 
27.0 6.0 

PART G: SIEVE OF #10 

CUM 
WEIGHT 

PERCENT 
FINER 

TARE (g) 73.71 
#20 8837 78.0% 
#40 95.14 67.9% 

#60 104.59 53.7% 
#100 121.64 28.2% 
#200 130.03 15.6% 

FINAL RESULTS 

GRAIN PERCENT 
SIZE FINER 

3" 
r 
i" 

3/4" 
3/8" 
#4 
#10 
#20 
#40 
#60 
#100 
#200 
0.0507 
0.0295 
0.0181 
0.0115 
0.0067 
0.0038 
0.0023 
0.0014 

100.0% 

100.0% 

100.0% 

97.4% 
78.9% 
58.1% 
40.4% 
31.6% 
27.4% 
21.7% 
11.4% 
6.3% 
2.9% 
2.0% 
1.7% 
1.7% 
1.1% 

1.0% 
0.4% 
0.2% 

BORING: 
SAMPLE: 
DEPTH: 

COLOR: 

Slag Haul Road 

|Medium dark gray (N4), 

DESCRIPTION: 
c-f SAND and f GRAVEL, 
little silt, (SP-SM). 

USCS: 

LL: 
PL: 
PI: 

D10 
D30 
D60 
Cu: 
Cr 

SP-SM 

0.13 
0.68 
5.00 
38.5 
0.7 

D HR M 

ELAPSED 
TIME TEMP. 
(min.) (C) 

HYDRO 
READING 

ZERO 
CORR. 

(CONT.) 

CORR. 
FACTOR 

t 

CORR. 
FACTOR 

a 

EFF. 
% FINER DEPTH 

L,cm 

CONSTANT 
(T&Gs) 

K 

DIAM. 
(mm) 

LOG %TOTAL 
DIAM SAMPLE 

27 9 27 0 0.0 

27 9 28 0 1.0 21.6 12.0 

27 9 30 0 3.0 21.6 10.5 

27 9 35 0 8.0 21.6 10.0 

27 9 47 0 20.0 21.6 10.0 

27 10 27 0 60.0 21.9 9.0 

27 12 27 0 180.0 22.1 83 

27 17 27 0 480.0 22.3 73 

28 9 27 0 1440.0 21.5 73 

7.4 0.2 1.0 7.1% 14.163 0.01348 0.0507 -1.29 2.9% 

7.4 0.2 1.0 4.9% 14.409 0.01348 0.0295 -1.53 2.0% 

7.4 0.2 1.0 4.1% 14.491 0.01348 0.0181 -1.74 1.7% 

7.4 0.2 1.0 4.1% 14.491 0.01348 0.0115 -1.94 1.7% 

73 0.2 1.0 2.8% 14.655 0.01348 0.0067 -2.18 1.1% 

7.3 0.4 1.0 2.4% 14.737 0.01332 0.0038 -2.42 1.0% 

7.2 0.4 1.0 1.0% 14.901 0.01332 0.0023 -2.63 0.4% 

7.4 0.2 1.0 0.4% 14.901 0.01348 0.0014 -2.86 0.2% 

PROJECT: MONSANTO/ RI/FS ROADS/ ID 
PROJECT NUMBER: 913-1101.601 
TECHNICIAN: MF/BA 

DATE: 1-29-92 
REVIEWED BY: DPO 

GOLDER ASSOCIATES INC. 
GEOTECHNICAL TESTING LABORATORY 
REDMOND, WASHINGTON 



PARTICLE SIZE DISTRIBUTION 
US STANDARD SIEVE OPENING SIZES 

Coarse Fine C Med Fine 

FINES (Silt or Clay) GRAVEL SAND FINES (Silt or Clay) 

SAMPLE ID DEPTH W% LL PL PI uses DESCRIPTION 

East Service 
Road 

SM Grayish brown (5 YR 3/2), 
c-f SAND, some silt, 
some f gravel, (SM). 

PROJECT: MONSANTO/ RI/FS ROADS/ ID 

PROJECT NO.: 913-1101.601 DATE: 1-29-92 TECH: MF/BA 

# 

REVIEW: DPO 

GOLDER ASSOCIATES INC. 

REDMOND, WA 



Mi PARTICLE SIZPDISTRIBUTION 
US STANDARD SIEVE OPENING SIZES 

Coarse Fine C Med Fine 

FINES (Silt or Clay) GRAVEL SAND FINES (Silt or Clay) 

SAMPLE ID DEPTH W% LL PL PI uses DESCRIPTION 

West Service 
Road 

10.5 SM Olive gray (5 Y 3/2), 
c-f SAND, some c-f gravel, 
some silt, (SM). 

PROJECT: MONSANTO/ RI/ FS ROADS/ ID 

PROJECT NO.: 913-1101.601 DATE: 1-29-92 TECH: MF/BA REVIEW: DPO 
GOLDER ASSOCIATES INC. 

REDMOND, WA 



PARTICLE SIZE DISTRIBUTION 
US STANDARD SIEVE OPENING SIZES 

Coarse Fine C Med Fine 

FINES (Silt or Clay) GRAVEL SAND FINES (Silt or Clay) 

SAMPLE ID DEPTH W% LL PL PI uses DESCRIPTION 

Quartzite 
Haul Road 

11.4 SM Dusky yellowish brown (10 YR 2/2), 
c-f SAND, some silt, 
some f gravel, (SM). 

PROJECT: MONSANTO/RI/FS ROADS/ID GOLDER ASSOCIATES INC. 

PROJECT NO.: 913-1101.601 DATE: 1-29-92 TECH: MF/BA REVIEW: DPO REDMOND, WA 



3- 2' t 

PARTICLE SI m ISTRIBUTION 
US STANDARD SIEVE OPENING SIZES 

1" 3/4" ~~ 4 3/8* 4-
10 60 -4- 100 -4— 200 4 100-

90-

80-

70-

\ 

60-

50-

40-

30-

20-

10-

100 10 0.1 

Grain size in millimeters 

o.oi 0.001 

Coarse Fine C Med Fine 

FINES (Silt or Clay) GRAVEL SAND FINES (Silt or Clay) 

SAMPLE ID DEPTH W% LL PL PI uses DESCRIPTION 

Ore Haul Road 12.0 SM Dusky brown (5 YR 2/2), 
c-f SAND, some silt, 
some c-f gravel, (SM). 

PROJECT: MONSANTO/ RI/ FS ROADS/ ID 

PROJECT NO.: 913-I10I.60I DATE: 1-29-92 TECH: MF/BA REVIEW: DPO 

GOLDER ASSOCIATES INC. 

REDMOND, WA 



PARTICLE SIZE DISTRIBUTION 
US STANDARD SIEVE OPENING SIZES 

100-

90-

80-

70-

60-

50-

40-

+] H T +- t —+ —1— 1 + 

I M 
\ 
\ 
\ 

\ 

C 

V 
- •v 

3- 3— S— 

30-

20-

10 

100 10 0 1  0.01 0.001 
Grain size in millimeters 

Coarse Fine C Med Fine 

FINES (Silt or Clay) GRAVEL SAND FINES (Silt or Clay) 

SAMPLE ID DEPTH W% LL PL PI uses DESCRIPTION 

Slag Haul Road SP-SM Medium dark gray (N4), 
c-f SAND and f GRAVEL, 
little silt, (SP-SM). 

PROJECT: MONSANTO/ RI/ FS ROADS/ ID GOLDER ASSOCIATES INC. 

PROJECT NO.: 913-1101.601 DATE: 1-29-92 TECH: MF/BA REVIEW: DPO REDMOND, WA 
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RAMPI P 'M K ^ ' *- '• - C ',l. 

Pycnometer number 
L o  z- o i  

Temperature at weighings (°C) 
n o > '  

Weight flask + soil + water (W^) ~?02,.2j 

Weight flask + water (Wa) 652."]-! 
(Wa-Wb) 

Evaporating dish number tz 

Weight dish + dry soil 6 >-. 

Weight dish S> 

Weight dry soil (W0) i ." ^ "t - 4-

Temperature factor (K) 

Wft 
w^wwmuwiiwimpwiuiuiv** 

v^+(wa-v\y 

GS/20°C ^ • K 
s \Afe+(Wa.\Ay 5 2.1 £ 

Comments: 

Figure 
SPECIFIC GRAVITY DETERMINATION, ASTM D854 

*£ J *\T- UO V  ( >o\ •,—,,r <ufi „r T>P/'! © Golder Associates 



n j • 1 l-
V-
i* c. . A 

1 
Pycnometer number 

CO 

Temperature at weighings (®C) 
t o . * 

*Z. 

Weight flask + soil + water (Wb) 

Weight flask + water (Wa) 
£?S£> ,^7 ~7 

(Wa-Wt> )  
- M i .  

Evaporating dish number < 

Weight dish + dry soil 

Weight dish 'is 

Weight dry soil (W0) 
L> L? h'"* 

Temperature factor (K) 
M M  

Go/control temnaratiirA <= Wo 1 
%+(wa-v\y 

Go/20°C = W° 
* %+(Wa-\Ay 

• K — i. w 2. 

Comments: 

Figure 
SPECIFIC GRAVITY DETERMINATION, ASTM D854 

1 

p,^ h (9m <->r>. IA. "K> / l< i / F<3 <C. - J  <=/ ( !>  
P » j M N o .  ^ U  > 9  v  / - . ^ v  ^  f  K w * i h y  r » l l ( 7  (0) Golder Associates 
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RAMPIE ^r*-

Pycnomeler number 
tOU'b 

Temperature at weighings (°C) 
"foa 
1\ .7-

Weight flask + soil + water (Wb) 

Weight flask + water (Wa) 
jS'&.-T) 

(Wa-Wb) 
-H\ 

Evaporating dish number 
6 A 

Weight dish + dry soil 

Weight dish o 

Weight dry soil (W0) C (e ,̂ 5 £ 
.... 

Temperature factor (K) 

~ %+(Wa-V\y 

Gc/20°C = W° . K 
5 v̂ +(wa-vyy 1 2 .1 \ 

Comments: 

Figure 
SPECIFIC GRAVITY DETERMINATION, ASTM D854 

c-r- /1< I / Fb / (F 
-Is— . ApproradBy. "^nrr ?S) Golder Associates 



RAMPI P * 1"' '• ^ J 

Pycnomeler number 
L O  z o €  

Temperature at weighings (°C) 
n o , \  
- Z U 2 .  

Weight (task + soil + water (Wb) 
ICL.toZ 

Weight flask + water (Wa) 
(zZtni\ 

(Wa-Wb) - Lr>7 M 

Evaporating dish number 
12. 

Weight dish + dry soil 

Weight dish 
O 

Weight dry soil (W0) 
f a . L r 1 

Temperature factor (K) 

€1 
%+(Wa.Viy 

Gc/20°C - Wo 0 K 

* V^+(Wa.\Afc) °K 
' Z ^ V  

Comments: 

Figure 
SPECIFIC GRAVITY DETERMINATION, ASTM D854 

Y'  VV-K?  /  K  |  / P<Z> / ! {>  .  x 

P^N,. *iV- MOV /ftOX. DB._iZT-M-qy T^Bv ..... _ \SC ^ . Apprerad Br. s§) Golder Associates 
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April 23,1992 

913-1101.212 

TABLE C-1 _ . . 
Pago 1 of 3 

CHEMICAL ANALYTICAL RESULTS FOR INORGANIC COMPOUNDS IN SOURCE SAMPLES, MONSANTO PHASE I RI/FS 

SAMPLE 
NUMBER 
(if any) 

DATE 
SAMPLED 

SAMPLE 
LOCATION 

ALUMINUM 
7429-90-5 

(mg/L) 
OUAL 

ARSENIC 
7440-38-2 

(mg/L) 
QUAL 

BERYLLIUM 
7440-41-7 

(mg/L) 
QUAL 

CADMIUM 
7440-43-9 

(mg/L) 
QUAL 

CHROMIUM 
7440-47-3 QUAL 

COPPER 
7440-50-8 QUAL 

SLAG-2 
10/28/91 
10/28/91 

SLAG PILE 
SUG PILE 

15900 
19200 

J 
J 

13 
3.3 
4.7 
13 
34 
85 

245 
245 
210 
500 
11 

185 

J 
J 

4.5 48.2 302 J 
ymg/Lj 

67.4 
SLAG-3 10/28/91 SLAG PILE 17200 J 

13 
3.3 
4.7 
13 
34 
85 

245 
245 
210 
500 
11 

185 

J 
5 

4.7 
1 

4.2 
4.7 

e 
5.5 
5.7 
3.7 

3 
5.2 

35 544 J 68 
DUST-1 10/28/91 BAGHOUSE OUST 5350 J 

13 
3.3 
4.7 
13 
34 
85 

245 
245 
210 
500 
11 

185 

J 

5 
4.7 
1 

4.2 
4.7 

e 
5.5 
5.7 
3.7 

3 
5.2 

U 
17.6 237 J 22 

DUST-2 10/28/91 BAGHOUSEDUST 14500 J 

13 
3.3 
4.7 
13 
34 
85 

245 
245 
210 
500 
11 

185 

J 

5 
4.7 
1 

4.2 
4.7 

e 
5.5 
5.7 
3.7 

3 
5.2 

U 3.8 27 J 8 
DUST-3 10/28/91 BAGHOUSE DUST 17500 J 

13 
3.3 
4.7 
13 
34 
85 

245 
245 
210 
500 
11 

185 

J 

5 
4.7 
1 

4.2 
4.7 

e 
5.5 
5.7 
3.7 

3 
5.2 

125 390 J 40.5 
UNDERFLOW-1 10/28/91 UNDERFLOW SOLIDS 23700 ,l 

13 
3.3 
4.7 
13 
34 
85 

245 
245 
210 
500 
11 

185 

J 

5 
4.7 
1 

4.2 
4.7 

e 
5.5 
5.7 
3.7 

3 
5.2 

504 509 J 52 
UNDERFLOW-2 10/28/91 UNDERFLOW SOLIDS 26500 ,l 

13 
3.3 
4.7 
13 
34 
85 

245 
245 
210 
500 
11 

185 

J 

5 
4.7 
1 

4.2 
4.7 

e 
5.5 
5.7 
3.7 

3 
5.2 

1150 979 J 84.4 
UNDERFLOW-3 10/28/91 UNDERFLOW SOLIDS 2780 J 

13 
3.3 
4.7 
13 
34 
85 

245 
245 
210 
500 
11 

185 

J 

5 
4.7 
1 

4.2 
4.7 

e 
5.5 
5.7 
3.7 

3 
5.2 

1060 969 J 81.9 
SLURRY-1 10/28/91 SLURRY PONDS 15030 J 

13 
3.3 
4.7 
13 
34 
85 

245 
245 
210 
500 
11 

185 

J 

5 
4.7 
1 

4.2 
4.7 

e 
5.5 
5.7 
3.7 

3 
5.2 

1730 1110 J 82 
SLURRY-2 10/28/91 SLURRY PONDS 7240 J 

13 
3.3 
4.7 
13 
34 
85 

245 
245 
210 
500 
11 

185 

5 
4.7 
1 

4.2 
4.7 

e 
5.5 
5.7 
3.7 

3 
5.2 

215 629 J 56.9 
SLURRY-3 10/28/91 SLURRY PONDS 27700 J 

13 
3.3 
4.7 
13 
34 
85 

245 
245 
210 
500 
11 

185 J 

5 
4.7 
1 

4.2 
4.7 

e 
5.5 
5.7 
3.7 

3 
5.2 

19 137 
964 

J 
J 

86.9 
76.9 



April 23.1S92 
913-1101.212 

TABLE C—1 (Cont'd.) Page 2 of 3 

CHEMICAL ANALYTICAL RESULTS FOR INORGANIC COMPOUNDS IN SOURCE SAMPLES, MONSANTO PHASE IRI/FS 

SAMPLE DATE IRON LEAD MANGANESE NICKEL POTASSIUM SELENIUM SILVER 
NUMBER SAMPLED 7439-89-6 OUAL 7439-92-1 QUAl 7439-96-5 QUAl 7440-02-0 QUAL 7440-09-7 QUAl 7782-49-2 QUAL 7440-22-4 QUAL 
(II any) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) 
SLAG-1 10/28/91 4400 J 26 140 65 5650 J 0.6 UJ 16 
SLAG-2 10/28/91 4670 J 12 115 89.9 6690 J 1.2 J 7.5 
SLAG-3 10/28/91 2040 J 5.6 130 32 6790 J 1.7 J 9 
DUST-1 10/28/91 4280 J 4.4 42 15 799 J 0.6 J 1 
DUST-2 10/28/91 8740 J 38 105 69.9 5390 J 0.6 UJ 9 
DUST-3 10/28/91 10000 J 104 165 110 7490 J 0.6 UJ 17 
UNDERFLOW-1 10/28/91 10600 J 200 210 170 13200 J 0.6 UJ 13 
UNDERFLOW-2 10/28/91 11700 J 170 222 170 13200 J 0.6 UJ 15 
UNDERFLOW-3 10/28/91 10400 J 135 105 112 13600 J 0.6 UJ 8 
SLURRY-1 10/28/91 10300 J 75 80 90 6090 J 0.6 UJ 16 

3 
SLURRY-2 10/28/91 7540 J 28 67 50 1900 J 0.6 UJ 

16 
3 

SLURRY-3 10/28/91 12200 J 110 75 155 9890 J 0.6 UJ 29 

• • • 



April 23,1992 913-1101.212 

TABLE C—1 (Cont'd.) Pago 3 ol 3 

CHEMICAL ANALYTICAL RESULTS FOR INORGANIC COMPOUNDS IN SOURCE SAMPLES. MONSANTO PHASE I RI/FS 

CATION 
SAMPLE DATE SODIUM VANADIUM ZINC EXCHANGE NITRATE/ 
NUMBER SAMPLED 7440-23-5 QUAl 7440-62-2 QUAL 7440-66-6 QUAl FLUORIDE QUAL CAPACITY QUAL NITRITE QUAL pH 
(it any) (mg/L) (mg/L) (mg/L) (mg/kg) (mg/kg) (mg/kg) (std units) 
SLAG-1 10/28/91 4050 492 839 J 54.4 5.7 1.4 9.7 
SLAG-2 10/28/01 3390 574 307 J 46.3 3.2 1.0 U 9.9 
SLAG-3 10/28/91 3220 262 6.1 J 168 5.9 1.0 U 9.8 
DUST-1 10/28/91 150 37 62 J 46.3 3.2 21 7.9 
DUST-2 10/28/91 2410 549 1790 J 122 8.2 3.4 8.6 
DUST-3 10/28/91 2760 769 4450 J 240 7.6 3.7 8.0 
UNDERFLOW-1 10/28/91 4660 1500 6990 J 349 12.3 16.0 6.4 
UNDERFLOW-2 10/28/91 4950 1600 10900 J 36.4 13.8 10.0 6.5 
UNDERFLOW-3 10/28/91 4260 1810 8190 J 297 16 79 8.0 
SLURRY-1 10/28/91 2120 649 3160 J 336 6.4 2.9 7.7 
SLURRY-2 10/28/91 729 275 385 J 104 4.7 1.0 U 7.8 
SLURRY-3 10/28/91 2970 1540 7940 J 205 16.0 6.2 7.4 

J ESTIMATED VALUE 

U NOT DETECTED. VALUE REPORTED IS THE SQL 
UJ NOT DETECTED. DETECTION LIMIT ESTIMATED DUE TO DEFICIENCY IN QC 



April 23, 1992 
913-1101. 

TABLE C-2 

CHEMICAL ANALYTICAL RESULTS FOR RADIOLOGICAL PARAMETERS IN SOURCE SAMPLES. MONSANTO PHASE I RI/FS Pago 1 of 2 

SAMPLE 
NUMBER 
(if any) 

SAMPLE 
DATE 
mm/dd/yy 

SAMPLE 
LOCATION 

LEAD-210 POLONIUM-210 POTASSIUM-40 RADIUM-226 RADIUM-228 
SAMPLE 
NUMBER 
(if any) 

SAMPLE 
DATE 
mm/dd/yy 

SAMPLE 
LOCATION @46 KeV 

pCI/fl 
(dry) 

Error 
(+/-) 

Qual TOTAL 
pCi/g 
(dry) 

Error 
(•/-) 

Qual @1460KeV 
pCI/g 
(dry) 

Error 
<+'-) 

Qual 
pCi/g 
(dry) 

Error 
(+/-) 

Qual 
pCi/g 
(dry) 

Error 
(+H 

Qual 

SLAG-1 10/28/91 sua PILE 6.6 0.6 7.0 0.6 6.6 1.4 43 1 0.0 0.3 
SLAG-2 10/28/91 SLAG PILE 1.2 0.3 0.3 0.4 U 6.7 1.4 54 2 0.0 0.3 
SLAG-3 10/28/91 SLAG PILE 6.6 0.6 5.8 0.6 6.8 1.4 46 2 0.7 0.3 
DUST-1 10/28/91 BAGHOUSE DUST 1.6 0.3 1.0 0.4 1.6 0.5 1.2 0.2 0.2 0.2 
DUST-2 10/28/91 BAGHOUSE DUST 40 1 48 2 7.2 1.2 32 1 0.0 0.3 
DUST-3 10/28/91 BAGHOUSE DUST 100 10 94 2 6.2 1.0 26 1 0.4 0.2 
UNDERFLOW-1 10/28/91 UNDERFLOW SOLIDS 250 10 260 10 9.4 1.5 36 1 0.6 0.4 
UNDERFLOW-2 10/28/91 UNDERFLOW SOLIDS 260 10 99 S 11 1 35 1 1.0 0.4 
UNDERFLOW-3 10/28/91 UNDERFLOW SOLIDS 240 10 120 10 9.5 1.5 42 1 0.4 0.3 
SLURRY-1 10/28/91 SLURRY PONDS 37 1 23 1 3.4 0.8 10 1 0.3 0.2 
SLURRY-2 10/28/91 SLURRY PONDS 29 1 24 1 4.9 0.9 12 1 0.0 0.2 
SLURRY-3 10/28/91 SLURRY PONDS 120 10 100 10 9.8 1.2 17 1 0.5 0.3 



Apf"23-1992 913-1101.212 

TABLE C-2(Cont'd> 

CHEMICAL ANALYTICAL RESULTS FOR RADIOLOGICAL PARAMETERS IN SOURCE SAMPLES, MONSANTO PHASE I RI/FS Pago 2 of 2 

SAMPLE SAMPLE THORIU M-228 THORIUM-230 THORIUM-232 URANIUM 
NUMBER DATE TOTAL Error Qual TOTAL Error Qual TOTAL Error Qual TOTAL Error Qual 
(if any) mm/dd/yy pCi/g 

(dry) 
<+/-) pCi/g 

(dry) 
(+/-) pCI/g 

(dry) 
(•/-) pCi/g 

(dry) 
(+/-) 

SLAG-1 10/28/91 o.e 0.3 46 2 4.8 0.8 41 5 
SLAG-2 10/28/91 0.3 0.3 40 3 0.1 0.1 47 4 
SLAG-3 10/28/91 S.1 2.9 430 20 3.1 2.1 44 5 
DUST-1 10/28/91 0.1 0.2 U 1.0 0.3 U 0.1 0.1 1.3 0.5 
DUST-2 10/28/91 0.4 0.2 33 2 0.4 0.2 35 4 
DUST-3 10/28/91 0.3 0.2 24 2 0.5 0.3 24 3 
UNDERFLOW-1 10/28/91 0.4 0.2 39 2 0.6 0 2 31 4 
UNDERFLOW-2 10/28/91 0.5 0.3 38 2 0.2 0.2 34 4 
UNDERFLOW-3 10/28/91 0.4 0.2 44 2 0.2 0.1 41 5 
SLURRY-1 10/28/91 0.2 0.2 U 9.1 0.7 0.3 0.1 10 2 
SLURRY-2 10/28/91 0.3 0.2 12 1 0.4 0.2 9.5 1.7 
SLURRY-3 10/28/91 0.6 0.3 19 1 1.6 0.4 15 1.6 

U NOT DETECTED, VALUE REPORTED IS THE SQL 
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PHASE n RESULTS 



12/5/^4 TABLE C-3 

CHEMICAL ANALYTICAL RESULTS FOR INORGANIC PARAMETERS IN SOURCE SAMPLES, MONSANTO PHASE 

913-1101.605 

page 1 of 25 
II RI/FS 

SAMPLE DA IE ANALYSIS ALUMINUM ARSENIC 
LOCATION SAMPLED 7429-90-5 

(mg/kg) 

QUAL 744-38-2 

(mg/kg) 

QUA 

BAGDUST-1 10/28/91 SUB200 5350 J 13 J 
BAGDUST-2 10/28/91 SUB200 14500 J 34 J 
BAGDUST-3 10/28/91 SUB200 17500 J 85 J 

COKE PILE #1 12/13/92 TOTAL 7450 6.7 J 
COKE PILE #1 12/13/92 SUB200 645 1.4 R 

COKE PILE #1R 10/29/93 TOTAL 
COKE PILE #1R 10/29/93 SUB200 
COKE PILE 92 12/13/92 TOTAL 4160 0.29 UJ 
COKE PILE 92 12/13/92 SUB200 790 2.9 J 

COKE PILE #2R 10/29/93 TOTAL 
COKE PILE #2R 10/29/93 SUB200 
COKE PILE 93 12/13/92 TOTAL 1000 0.81 J 
COKE PILE #3 12/13/92 SUB200 615 2 J 

COKE PILE #3R 10/29/93 TOTAL 
COKE PILE #3R 10/29/93 SUB200 

COKE/QUARTZ SLURRY #1 10/29/93 TOTAL 
COKE/QUARTZ SLURRY #1 10/29/93 SUB200 
COKE/QUARTZ SLURRY 92 10/29/93 TOTAL 
COKE/QUARTZ SLURRY 92 10/29/93 SUB200 
COKE/QUARTZ SLURRY #3 10/29/93 TOTAL 
COKE/QUARTZ SLURRY #3 10/29/93 SUB200 

FERROPHOS SLAG #1 12/16/92 TOTAL 4660 1.4 J 
FERROPHOS SLAG #1 10/29/93 TOTAL 
FERROPHOS SLAG #1 10/29/93 SUB200 
FERROPHOS SLAG 92 12/16/92 TOTAL 5250 1.1 J 
FERROPHOS SLAG 92 10/29/93 TOTAL 
FERROPHOS SLAG 92 10/29/93 SUB200 
FERROPHOS SLAG 93 12/16/92 TOTAL 5730 1.2 J 
FERROPHOS SLAG 93 10/29/93 TOTAL 

1.2 

FERROPHOS SLAG 93 10/29/93 SUB200 
NEW NODULES #1 12/14/92 TOTAL 16100 J 5 J 
NEW NODULES «1 10/29/93 TOTAL 
NEW NODULES 91 10/29/93 SUB200 

BERYLLIUM 

7440-41-7 

(mg/kg) 

QUAL 

CADMIUM 

7440-43-9 

(mg/kfl) 

QUAL 

CATION 

EXCHANGE 

CAPACITY (meg/100 g) 
1 

4.2 

4.7 

0.92 

0.45 

1 
0.25 

1.2 

0.2 

60.1 

53 

56.7 

13.7 

U 

U 

3.8 

125 

504 

6.6 

0.25 

5.8 

1.8 

9.6 

3.8 

33.2 

41.3 

33.5 

14.6 

3.2 

8.2 

7.6 

U 

U 

U 

U 

U 

U 



12/5/94 TABLE C-3 

CHEMICAL, 

913-1101.605 
page 2 of 25 

SAMPLE DATE ANALYSIS ALUMINUM ARSENIC BERYLLIUM 

IV lunonn i u r 

CADMIUM 

nrtoc ii m/r-u 

CATION 
LOCATION SAMPLED 7429-90-5 

(mg/kg) 

QUAL 744-38-2 

(mg/kg) 

QUAL 7440-41-7 

(mg/kg) 

QUAL 7440-43-9 

(mg/kg) 

QUAL EXCHANGE 

CAPACITY (meq/100 g) 
NEW NODULES #2 12/14/92 TOTAL .12200 J 1.9 UJ 13.6 11.8 U 
NEW NODULES 92 10/29/93 TOTAL 

11.8 U 

NEW NODULES 92 10/29/93 SUB200 
NEW NODULES #3 12/14/92 TOTAL 15700 J 1.9 R 13.1 18.8 
NEW NODULES 93 10/29/93 TOTAL 

18.8 

NEW NODULES #3 10/29/93 SUB200 

NEW SLAG 91 12/14/92 TOTAL 17200 J 0.5 UJ 12.6 28.5 
NEW SLAG #1 10/29/93 TOTAL 

28.5 

NEW SLAG #1 10/29/93 SUB200 
NEW SLAG 92 12/14/92 TOTAL 15800 J 0.5 UJ 13 17.9 
NEW SLAG 92 10/29/93 SUB200 

17.9 

NEW SLAG 92 10/29/93 TOTAL 
NEW SLAG #3 12/14/92 TOTAL 15900 J 0.5 UJ 12.7 17.5 
NEW SLAG 93 10/29/93 SUB200 

17.5 

NEW SLAG #3 10/29/93 TOTAL 
NEWTREATER DUST 91 12/13/92 TOTAL 9650 2.5 J 6.4 37.5 
NEW TREATER DUST #1 10/29/93 TOTAL 

6.4 37.5 

NEW TREATER DUST #1 10/29/93 SUB200 
NEW TREATER DUST 92 12/13/92 TOTAL 7260 5 J 1.8 U 31.2 
NEW TREATER DUST 92 10/29/93 TOTAL 

1.8 U 31.2 

NEW TREATER DUST 92 10/29/93 SUB200 
NEW TREATER DUST #3 

NEW TREATER DUST 93 
12/13/92 

10/29/93 

TOTAL 

TOTAL 

9090 2.5 J 6.7 52.2 

NEW TREATER DUST 93 10/29/93 SUB200 
OLD NODULES 12/14/92 SUB200 5150 11.4 J 4 U 7.7 U OLD NODULES #1 10/29/93 TOTAL 

U 7.7 U 

OLD NODULES 91 10/29/93 SUB200 
OLD NODULES 92 

OLD NODULES 92 
12/14/92 

10/29/93 

SUB200 

TOTAL 

5710 1 R 3.8 U 7.3 U 

OLD NODULES 92 10/29/93 SUB200 
OLD NODULES #3 

OLD NODULES 93 
12/14/92 

10/29/93 

SUB200 

SUB200 

5910 1.4 R 3.7 U 2.3 U 



12/5/y # TABLE C-3 

CHEMICAL, 

913-1101.605 
page 3 of 25 

SAMPLE DATE ANALYSIS ALUMINUM ARSENIC BERYLLIUM CADMIUM CATION 
LOCATION SAMPLED 7429-90-5 QUAL 744-38-2 QUAL 7440-41-7 QUAL 7440-43-9 QUAL EXCHANGE 

(mg/kg) I I (mg/kg) (mg/kg) CAPACITY (meq/100 g) 
OLD NODULES #3 10/29/93 TOTAL 

OLD SLAG #1 12/14/92 TOTAL 1650 2.6 U 6.7 17.6 
OLD SLAG 9 1 10/29/93 SUB200 
OLD SLAG #1 10/29/93 TOTAL 

OLD SLAG 92 12/14/92 TOTAL 20100 J 2.5 9.2 12.7 U 
OLD SLAG 92 10/29/93 TOTAL 
OLD SLAG 92 10/29/93 SUB200 
OLD SLAG 93 12/14/92 TOTAL 14300 J 2.5 U 7.7 20.2 
OLD SLAG 93 10/29/93 TOTAL 

OLD SLAG #3 10/29/93 SUB200 

ORE BLEND 1A 12/7/92 TOTAL 6820 J 1 U 3.5 J 112 J 
ORE BLEND 1A 12/7/92 SUB200 6060 J 25.9 J 1.2 J 127 J 
ORE BLEND 1A 10/29/93 TOTAL 

127 

ORE BLEND 1A 10/29/93 SUB200 
ORE BLEND 1B 12/7/92 TOTAL 10600 J 1.1 U 3.3 J 109 J 
ORE BLEND IB 12/7/92 SUB200 9600 J 21.3 J 1.9 J 116 J 
ORE BLEND IB 10/29/93 TOTAL 

116 

ORE BLEND IB 10/29/93 SUB200 
ORE BLEND 1C 12/7/92 TOtAL 7390 J 1.1 U 3.5 J 138 J 
ORE BLEND 1C 12/7/92 SUB200 8260 J 26 J 1.6 J 119 J 
ORE BLEND 1C 10/29/93 SUB200 

119 

ORE BLEND 1C 10/29/93 TOTAL 
ORE BLEND 2A 12/5/92 TOTAL 14800 J 1.1 U 4.3 J 149 J 
ORE BLEND 2A 12/5/92 SUB200 8900 J 36.9 J 1.3 J 132 J 
ORE BLEND 2A 10/29/93 SUB200 

132 

ORE BLEND 2A 10/29/93 TOTAL 
ORE BLEND 2B 12/5/92 TOTAL 19500 1.1 U 4.7 J 135 J 
ORE BLEND 2B 12/5/92 SUB200 9140 J 25 J 1.4 J 135 J 
ORE BLEND 2B 10/29/93 TOTAL 

135 

ORE BLEND 2B 10/29/93 SUB200 
ORE BLEND 2C 12/5/92 TOTAL 21500 J 1.1 U 4.5 J 112 J 
ORE BLEND 2C 12/5/92 SUB200 8760 J 23.8 J 1.2 J 129 J 
ORE BLEND 2C 10/29/93 TOTAL 

129 



12/5/94 TABLE C-3 

CHEMICAL 

913-1101.605 
page 4 of 25 

SAMPLE DATE ANALYSIS ALUMINUM ARSENIC BERYLLIUM 

-"f • 

CADMIUM CATION 
LOCATION SAMPLED 7429-90-5 

(mg/kg) 

OUAL 744-38-2 

(mg/kg) 

QUAL 7440-41-7 

(mg/kg) 

QUAL 7440-43-9 

(mg/kg) 

QUAL EXCHANGE 

CAPACITY (meq/100 g) 
ORE BLEND 2C 10/29/93 SUB200 

QUARTZITE #1 12/5/92 TOTAL 1200 J 1.5 J 0.1 U 0.3 J 
QUARTZITE #1 12/5/92 TOTAL 1260 J 2 J 0.1 U 0.35 J 
QUARTZITE *1 10/29/93 TOTAL 
QUARTZITE #1 10/29/93 SUB200 

QUARTZITE 92 12/5/92 TOTAL 1170 J 0.88 J 0.1 U 0.25 J 
QUARTZITE 92 12/5/92 TOTAL 1480 J 1.8 J 0.1 U 0.3 J 
QUARTZITE 92 10/29/93 TOTAL 
QUARTZITE 92 10/29/93 SUB200 

QUARTZITE 93 12/5/92 TOTAL 1020 J 0.8 J 0.15 J 0.25 UJ 
QUARTZiTE 93 12/5/92 TOTAL 1100 J 1.1 J 0.1 U 0.25 J 
QUARTZITE 93 10/29/93 SUB200 
QUARTZITE 93 10/29/93 TOTAL 

SLAG-1 10/29/91 SUB200 15900 J 13 J 4.5 48.2 5.7 
SLAG-2 10/28/91 SUB200 19200 J 3.3 J 5 35 3.2 
SLAG-3 10/28/91 SUB200 17200 J 4.7 J 4.7 17.5 5.9 

SLURRY-1 10/28/91 SUB200 15030 J 500 J 3.7 215 6.4 
SLURRY-2 10/28/91 SUB200 7240 J 11 J 3 19 4.7 
SLURRY-3 10/28/91 SUB200 27700 J 185 J 5.2 620 16 

TREATER DUST #1 12/14/92 SUB200 8300 J 5.6 J 3.2 u 129 

16 

OLD TREATER DUST #1 10/29/93 TOTAL 
129 

OLD TREATER DUST #1 10/29/93 SUB200 
TREATER DUST 92 12/14/92 SUB200 9100 J 2 J 3 u 134 

OLD TREATER DUST 92 10/29/93 SUB200 
134 

OLD TREATER DUST 92 10/29/93 TOTAL 
OLD TREATER DUST 920 10/29/93 SUB200 
OLD TREATER DUST 920 10/29/93 TOTAL 

TREATER DUST #3 12/14/92 SUB200 8150 2 J 2.9 u 130 
OLD TREATER DUST #3 10/29/93 TOTAL 
OLD TREATER DUST 93 10/29/93 SUB200 

UNDERFLOW SOLIDS 1-1 10/28/91 SUB200 23700 J 245 J 6 1150 12.3 

13.8 
UNDERFLOW SOLIDS 1-2 10/28/91 SUB200 26500 J 245 J 5.5 1060 

12.3 

13.8 



12/5/! 

SAMPLE 

LOCATION 

UNDERFLOW SOLIDS 1-3 
UNDERFLOW SOLIDS 2-1 
UNDERFLOW SOLIDS 2-2 
UNDERFLOW SOLIDS 2-3 

NEW UFS *1 
NEW UFS #1 
NEW UFS #2 
NEW UFS #2 
NEW UFS #3 
NEW UFS #3 

TABLE C-3 

DATE ANALYSIS 
SAMPLED 

10/28/91 SUB200 
12/13/92 TOTAL 
12/14/92 TOTAL 
12/13/92 TOTAL 
10/29/93 SUB200 
10/29/93 TOTAL 
10/29/93 TOTAL 
10/29/93 SUB200 
10/29/93 TOTAL 
10/29/93 SUB200 

ALUMINUM 

7429-90-5 

(mfl/kfl) 

27800 

26600 

25300 

2310O 

QUAL 

J 

J 

J 

J 

ARSENIC 

744-38-2 

(mg/ktrt 

210 

125 

70.1 

84.5 

QUAL 

BERYLLIUM 

7440-41-7 

(ma/kfl) 

5.7 

15.4 

15.4 

13.1 

QUAL 

CADMIUM 

7440-43-9 

(mg/kfl) 

1730 

2070 

662 

859 

QUAL 

J 

J 

J 

913-1101.605 
page 5 of 25 

CATION 

EXCHANGE 

CAPACITY (meg/100 g| 

16 
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SAMPLE DATE ANALYSIS CHROMIUM COPPER FLUORIDE 
LOCATION SAMPLED 7440-47-3 

(mg/kg) 

QUAL 7440-50-8 

(mg/kg) 

QUAL 

(mg/kg) 
BAGDUST-1 10/28/91 SUB200 27 J 8 46.3 
BAGDUST-2 10/28/91 SUB200 390 J 40.5 122 
BAGDUST-3 10/28/91 SUB200 509 J 52 240 

COKE PILE #1 12/13/92 TOTAL 30.6 115 
COKE PILE #1 12/13/92 SUB200 2.2 1.02 

COKE PILE #1R 10/29/93 TOTAL 
COKE PILE #1R 10/29/93 SUB200 
COKE PILE BZ 12/13/92 TOTAL 8.1 10.5 
COKE PILE BZ 12/13/92 SUB200 37.9 9.64 

COKE PILE (C2R 10/29/93 TOTAL 
COKE PILE B2R 10/29/93 SUB200 
COKE PILE BZ 12/13/92 TOTAL 33.7 90.8 
COKE PILE BZ 12/13/92 SUB200 47.3 5.8 

COKE PILE *3R 10/29/93 TOTAL 
5.8 

COKE PILE BZR 10/29/93 SUB200 
COKE/QUARTZ SLURRY #1 10/29/93 TOTAL 
COKE/QUARTZ SLURRY #1 10/29/93 SUB200 
COKE/QUARTZ SLURRY BZ 10/29/93 TOTAL 
COKE/QUARTZ SLURRY BZ 10/29/93 SUB200 
COKE/QUARTZ SLURRY #3 10/29/93 TOTAL 
COKE/QUARTZ SLURRY #3 10/29/93 SUB200 

FERROPHOS SLAG #1 12/16/92 TOTAL 30500 9.02 
FERROPHOS SLAG #1 10/29/93 TOTAL 

9.02 

FERROPHOS SLAG #1 10/29/93 SUB200 
FERROPHOS SLAG BZ 12/16/92 TOTAL 26300 9.41 
FERROPHOS SLAG BZ 10/29/93 TOTAL 

9.41 

FERROPHOS SLAG BZ 10/29/93 SUB200 
FERROPHOS SLAG BZ 12/16/92 TOTAL 29700 9.69 
FERROPHOS SLAG BZ 10/29/93 TOTAL 

9.69 

FERROPHOS SLAG BZ 10/29/93 SUB200 
NEW NODULES #1 12/14/92 TOTAL 450 15.7 
NEW NODULES #1 10/29/93 TOTAL 

15.7 

NEW NODULES #1 10/29/93 SUB200 

IRON 

7439-89-6 

(mg/kg) 

QUAL 

LEAD 

7439-92-1 

(mg/kg) 

QUAL 

4280 

8740 

10000 

4.4 

38 

104 



12/5/ TABLE C-3 913-1101.605 
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SAMPLE DATE ANALYSIS CHROMIUM 
LOCATION SAMPLED 7440-47-3 

(mg/kg) 
NEW NODULES #2 12/14/92 TOTAL 455 
NEW NODULES #2 10/29/93 TOTAL 

NEW NODULES #2 10/29/93 SUB200 

NEW NODULES #3 12/14/92 TOTAL 736 
NEW NODULES #3 10/29/93 TOTAL 
NEW NODULES #3 10/29/93 SUB200 

NEW SLAG #1 12/14/92 TOTAL 230 

NEW SLAG #1 10/29/93 TOTAL 

NEW SLAG #1 10/29/93 SUB200 
NEW SLAG #2 12/14/92 TOTAL 337 
NEW SLAG #2 10/29/93 SUB200 
NEW SLAG 82 10/29/93 TOTAL 

NEW SLAG 83 12/14/92 TOTAL 120 
NEW SLAG 83 10/29/93 SUB200 

NEW SLAG 83 10/29/93 TOTAL 
NEW TREATER DUST #1 12/13/92 TOTAL 454 
NEW TREATER DUST #1 10/29/93 TOTAL 
NEW TREATER DUST #1 10/29/93 SUB200 
NEW TREATER DUST 82 12/13/92 TOTAL 382 
NEW TREATER DUST 82 10/29/93 TOTAL 
NEW TREATER DUST 82 10/29/93 SUB200 
NEW TREATER DUST 83 12/13/92 TOTAL 466 
NEW TREATER DUST 83 10/29/93 TOTAL 
NEW TREATER DUST 83 10/29/93 SUB200 

OLD NODULES #1 12/14/92 SUB200 592 
OLD NODULES #1 10/29/93 TOTAL 
OLD NODULES #1 10/29/93 SUB200 
OLD NODULES 82 12/14/92 SUB200 475 
OLD NODULES 82 10/29/93 TOTAL 
OLD NODULES 82 10/29/93 SUB200 
OLD NODULES 83 12/14/92 SUB200 571 
OLD NODULES #3 10/29/93 SUB200 

QUAL 

COPPER 

7440 50 8 

(mg/kg) 

QUAL 

FLUORIDE 

(mg/kg) 

IRON 

7439-89-6 

(mg/kg) 

QUAL 

LEAD 

7439-92-1 

(mg/kg) 

QUAL 

13.4 

9.52 

71.1 

50.8 

30.8 

14500 

2130 

8790 

29.4 

38 

22 



12/5/94 TABLE C-3 913-1101.605 

page 8 of 25 
CHEMICAL ANALYTICAL RESULTS FOR INORGANIC PARAMETERS IN SOURCE SAMPLES, MONSANTO PHASE II RI/FS 

SAMPLE DATE ANALYSIS CHROMIUM COPPER FLUORIDE IRON LEAD 
LOCATION SAMPLED 7440-47-3 

(mg/kg) 

QUAL 7440-50-8 

(mg/kg) 

QUAL 

(mg/kg) 

7439-89-6 

(mg/kg) 

QUAL 7439-92-1 

(mg/kg) 

QUAL 

OLD NODULES #3 10/29/93 TOTAL 

OLD SLAG #1 12/14/92 TOTAL 222 52.3 
OLD SLAG #1 10/29/93 SUB200 

OLD SLAG #1 10/29/93 TOTAL 

OLD SLAG #2 12/14/92 TOTAL 213 30.9 
OLD SLAG 92 10/29/93 TOTAL 

OLD SLAG 92 10/29/93 SUB200 

OLD SLAG 93 12/14/92 TOTAL 129 68.4 
OLD SLAG 93 10/29/93 TOTAL 

OLD SLAG 93 10/29/93 SUB200 

ORE BLEND 1A 12/7/92 TOTAL 771 J 57.7 
ORE BLEND 1A 12/7/92 SUB200 707 J 15.9 
ORE BLEND 1A 10/29/93 TOTAL 

ORE BLEND 1A 10/29/93 SUB200 

ORE BLEND IB 12/7/92 TOTAL 860 J 51.9 
ORE BLEND IB 12/7/92 SUB200 1090 J 39.3 
ORE BLEND IB 10/29/93 TOTAL 

ORE BLEND IB 10/29/93 SUB200 

ORE BLEND 1C 12/7/92 TOTAL 824 J 66.5 
ORE BLEND 1C 12/7/92 SUB200 962 J 74.9 
ORE BLEND 1C 10/29/93 SUB200 

ORE BLEND 1C 10/29/93 TOTAL 

ORE BLEND 2A 12/5/92 TOTAL 993 J 36.6 
ORE BLEND 2A 12/5/92 SUB200 709 J 6.1 
ORE BLEND 2A 10/29/93 SUB200 

ORE BLEND 2A 10/29/93 TOTAL 

ORE BLEND 2B 12/5/92 TOTAL 1040 J 3.96 
ORE BLEND 2B 12/5/92 SUB200 949 J 5.4 
ORE BLEND 2B 10/29/93 TOTAL 

ORE BLEND 2B 10/29/93 SUB200 

ORE BLEND 2C 12/5/92 TOTAL 1260 J 33 
ORE BLEND 2C 12/5/92 SUB200 826 J 8.3 
ORE BLEND 2C 10/29/93 TOTAL 
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SAMPLE DATE ANALYSIS CHROMIUM COPPER FLUORIDE IRON LEAD 
LOCATION SAMPLED 7440-47-3 

(mg/kg) 

QUAL 7440-50-8 

(mg/kgl 

QUAL 

(mg/kg) 

7439-89-6 

(mg/kg) 

QUAL 7439-92-1 

(mg/L) 

QUAL 

ORE BLEND 2C 10/29/93 SUB200 

QUARTZITE #1 12/5/92 TOTAL 2.5 J 
QUARTZITE <>1 12/5/92 TOTAL 2.9 J 
QUARTZITE #1 10/29/93 TOTAL 

QUARTZITE #1 10/29/93 SUB200 

QUARTZITE 02 12/5/92 TOTAL 2 J 
QUARTZITE 02 12/5/92 TOTAL 2.7 J 
QUARTZITE 02 10/29/93 TOTAL 
QUARTZITE 02 10/29/93 SUB200 

QUARTZITE 03 12/5/92 TOTAL 0.86 J 
QUARTZITE #3 12/5/92 TOTAL 1.7 J 
QUARTZITE 03 10/29/93 SUB200 

QUARTZITE 03 10/29/93 TOTAL 

SLAG-1 10/28/91 SUB200 302 J 87.4 54.4 4400 J 26 
SLAG-2 10/28/91 SUB200 544 J 68 46.3 4670 J 12 
SLAG-3 10/28/91 SUB200 237 J 22 168 2040 J 5.6 

SLURRY-1 10/28/91 SUB200 529 J 56.9 336 10300 J 75 
SLURRY-2 10/28/91 SUB200 137 J 86.9 104 7540 J 28 
SLURRY-3 10/28/91 SUB200 964 J 78.9 205 12200 J 110 

TREATER DUST *1 12/14/92 SUB200 274 300 
OLD TREATER DUST #1 10/29/93 TOTAL 

OLD TREATER DUST #1 10/29/93 SUB200 
TREATER DUST 02 12/14/92 SUB200 296 300 

OLD TREATER DUST 02 10/29/93 SUB200 

OLD TREATER DUST 02 10/29/93 TOTAL 

OLD TREATER DUST #2D 10/29/93 SUB200 

OLD TREATER DUST #2D 10/29/93 TOTAL 

TREATER DUST 03 12/14/92 SUB200 279 264 
OLD TREATER DUST 03 10/29/93 TOTAL 
OLD TREATER DUST 03 10/29/93 SUB200 

UNDERFLOW SOLIDS 1-1 10/28/91 SUB200 979 J 84.4 349 10600 J 200 
UNDERFLOW SOLIDS 1-2 10/28/91 SUB200 969 J 91.9 36.4 11700 J 170 
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SAMPLE 

LOCATION 

DATE 

SAMPLED 

ANALYSIS CHROMIUM 

7440-47-3 

(mg/kg) 

QUAL 

COPPER 

7440-50-8 

(mg/kg) 

QUAL 

V/C o«iviri_eo, 

FLUORIDE 

(mg/kg) 

IVIUIY&An 

IRON 

7439-89-6 

(mg/kg) 

1 U fHAb 

QUAL 

t II RI/FS 

LEAD 

7439-92-1 QUAL 

UNDERFLOW SOLIDS 1-3 

UNDERFLOW SOLIDS 2-1 
10/20/91 

12/13/92 

SUB200 

TOTAL 

1110 

1120 

J 82 297 

656 

10400 J 135 

UNDERFLOW SOLIDS 2-2 12/14/92 TOTAL 1090 509 
UNDERFLOW SOLIDS 2-3 12/13/92 TOTAL 1090 705 

NEW UFS #1 10/29/93 SUB200 
705 

NEW UFS *1 10/29/93 TOTAL 
NEW UFS 92 10/29/93 TOTAL 
NEW UFS 92 10/29/93 SUB200 
NEW UFS #3 10/29/93 TOTAL 
NEW UFS 93 10/29/93 SUB200 
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SAMPLE DATE ANALYSIS MANGANESE MOLYBDENUM 

t'lvnwr* 

NICKEL NITRATE/ 
LOCATION SAMPLED 7439-96-5 

(mg/kg) 

QUAL 

(mg/kg) 

QUAL 7440 02 0 

(mg/kg) 

QUAL NITRITE 

(mg/kg) 

QUAL 

BAG DUST-1 10/28/91 SUB200 42 15 21 
BAGDUST-2 10/28/91 SUB200 105 69.9 3.4 
BAGDUST-3 10/28/91 SUB200 165 110 3.7 

COKE PILE #1 12/13/92 TOTAL 4.8 0.87 U 

3.7 

COKE PILE #1 12/13/92 SUB200 11 0.85 U 
COKE PILE #1R 10/29/93 TOTAL 

COKE PILE #1R 10/29/93 SUB200 

COKE PILE #2 12/13/92 TOTAL 3.1 1.1 U 
COKE PILE 92 12/13/92 SUB200 15.2 3.2 

COKE PILE #2R 10/29/93 TOTAL 

COKE PILE #2R 10/29/93 SUB200 
COKE PILE #3 12/13/92 TOTAL 4.7 1.2 
COKE PILE #3 12/13/92 SUB200 16.9 2.4 

COKE PILE #3R 10/29/93 TOTAL 
COKE PILE #3R 10/29/93 SUB200 

COKE/QUARTZ SLURRY #1 10/29/93 TOTAL 
COKE/QUARTZ SLURRY #1 10/29/93 SUB200 
COKE/QUARTZ SLURRY 92 10/29/93 TOTAL 
COKE/QUARTZ SLURRY 92 10/29/93 SUB200 -

COKE/QUARTZ SLURRY #3 10/29/93 TOTAL 
COKE/QUARTZ SLURRY 93 10/29/93 SUB200 

FERROPHOS SLAG #1 12/16/92 TOTAL 899 878 
FERROPHOS SLAG #1 10/29/93 TOTAL 
FERROPHOS SLAG #1 10/29/93 SUB200 
FERROPHOS SLAG 92 12/16/92 TOTAL 807 809 
FERROPHOS SLAG 92 10/29/93 TOTAL 
FERROPHOS SLAG 92 10/29/93 SUB200 
FERROPHOS SLAG 93 12/16/92 TOTAL 833 893 
FERROPHOS SLAG 93 10/29/93 TOTAL 
FERROPHOS SLAG 93 10/29/93 SUB200 

NEW NODULES 91 12/14/92 TOTAL 39 15.5 
NEW NODULES #1 10/29/93 TOTAL 
NEW NODULES #1 10/29/93 SUB200 
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SAMPLE DATE ANALYSIS MANGANESE MOLYBDENUM 

"9 » 

NICKEL NITRATE/ 
LOCATION SAMPLED 7439-96-5 

(mg/kg) 

QUAL 

(mg/kg) 

QUAL 7440-02-0 

(mg/kg) 

QUAL NITRITE 

(mg/kg) 

QUAL 

NEW NODULES 92 12/14/92 TOTAL 27.7 9.7 
NEW NODULES #2 10/29/93 TOTAL 
NEW NODULES #2 10/29/93 SUB200 
NEW NODULES *3 12/14/92 TOTAL 47 16.3 
NEW NODULES #3 10/29/93 TOTAL 
NEW NODULES *3 10/29/93 SUB200 

NEW SLAG f 1 12/14/92 TOTAL 47.3 2.3 
NEW SLAG #1 10/29/93 TOTAL 

NEW SLAG #1 10/29/93 SUB200 
NEW SLAG #2 12/14/92 TOTAL 46.6 4.3 
NEW SLAG #2 10/29/93 SUB200 

NEW SLAG 92 10/29/93 TOTAL 
NEW SLAG #3 12/14/92 TOTAL 43.1 0.85 U 
NEW SLAG #3 10/29/93 SUB200 

NEW SLAG #3 10/29/93 TOTAL 
NEW TREATER DUST #1 12/13/92 TOTAL 66.8 J 6.7 
NEW TREATER DUST #1 10/29/93 TOTAL 
NEW TREATER DUST #1 10/29/93 SUB200 

NEW TREATER DUST #2 12/13/92 TOTAL 53.6 7.7 
NEW TREATER DUST 92 10/29/93 TOTAL 

NEW TREATER DUST 92 10/29/93 SUB200 

NEW TREATER DUST #3 12/13/92 TOTAL 50.7 6.3 
NEW TREATER DUST #3 10/29/93 TOTAL 
NEW TREATER DUST *3 10/29/93 SUB200 

OLD NODULES #1 12/14/92 SUB200 48.1 40.6 
OLD NODULES #1 10/29/93 TOTAL 
OLD NODULES *1 10/29/93 SUB200 
OLD NODULES 92 12/14/92 SUB200 81.8 30.4 
OLD NODULES 92 10/29/93 TOTAL 
OLD NODULES 92 10/29/93 SUB200 
OLD NODULES #3 12/14/92 SUB200 65.2 23.3 
OLD NODULES 93 10/29/93 SU8200 
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SAMPLE DATE ANALYSIS 
LOCATION SAMPLED 

OLD NODULES 93 10/29/93 TOTAL 
OLD SLAG *1 12/14/92 TOTAL 
OLD SLAG 91 10/29/93 SUB200 
OLD SLAG 91 10/29/93 TOTAL 

OLD SLAG #2 12/14/92 TOTAL 
OLD SLAG 92 10/29/93 TOTAL 
OLD SLAG 92 10/29/93 SUB200 
OLD SLAG 93 12/14/92 TOTAL 
OLD SLAG 93 10/29/93 TOTAL 
OLD SLAG 93 10/29/93 SUB200 

ORE BLEND 1A 12/7/92 TOTAL 
ORE BLEND 1A 12/7/92 SUB200 
ORE BLEND 1A 10/29/93 TOTAL 

ORE BLEND 1A 10/29/93 SUB200 
ORE BLEND IB 12/7/92 TOTAL 
ORE BLEND IB 12/7/92 SUB200 
ORE BLEND IB 10/29/93 TOTAL 
ORE BLEND IB 10/29/93 SUB200 
ORE BLEND 1C 12/7/92 TOTAL 
ORE BLEND 1C 12/7/92 SUB200 
ORE BLEND 1C 10/29/93 SUB200 
ORE BLEND 1C 10/29/93 TOTAL 
ORE BLEND 2A 12/5/92 TOTAL 
ORE BLEND 2A 12/5/92 SUB200 
ORE BLEND 2A 10/29/93 SUB200 
ORE BLEND 2A 10/29/93 TOTAL 
ORE BLEND 2B 12/5/92 TOTAL 
ORE BLEND 2B 12/5/92 SUB20O 
ORE BLEND 2B 10/29/93 TOTAL 
ORE BLEND 2B 10/29/93 SUB200 
ORE BLEND 2C 12/5/92 TOTAL 
ORE BLEND 2C 12/5/92 SUB200 
ORE BLEND 2C 10/29/93 TOTAL 

MANGANESE 

7439-96-5 

(mg/kg) 
QUAL 

MOLYBDENUM 

(mg/kg) 
QUAL 

NICKEL 

7440-02-0 

(mg/kg) 
QUAL 

NITRATE/ 

NITRITE 

(mg/kg) 
QUAL 

111 

153 

74.4 

41.8 

72.7 

42.4 

65.7 

34.9 

89.1 

33.6 

68.4 

28.5 

43.3 

43.9 

69.9 

1.3 

1.4 

0.85 

26.8 

40.8 

20.6 

32.1 

9.5 

20 

8.8 

27.7 

15.6 

30.4 

12.4 

30.6 
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— | PARAMFTFRS IN SOURCE SAMPI FS MONSANTO PHASE „ PHES SAMPLE 

LOCATION 

ORE BLEND 2C 

QUARTZITE #1 

QUARTZITE #1 

QUARTZITE #1 

QUARTZITE #1 

QUARTZITE 92 

QUARTZITE 92 

QUARTZITE 92 

QUARTZITE 92 

QUARTZITE 93 

QUARTZITE 93 

QUARTZITE #3 

QUARTZITE #3 

SLAG-1 

SLAG-2 

SLAG-3 

SLURRY-1 

SLURRY-2 

SLURRY-3 

TREATER DUST 91 

OLD TREATER DUST #1 

OLD TREATER DUST #1 

TREATER DUST 92 

OLD TREATER DUST 92 

OLD TREATER DUST 92 

OLD TREATER DUST #2D 

OLD TREATER DUST #2D 

TREATER DUST 93 

OLD TREATER DUST #3 

OLD TREATER DUST #3 

UNDERFLOW SOLIDS 1-1 

UNDERFLOW SOLIDS 1-2 

DATE 

SAMPLED | 

10/29/93 

12/5/92 

12/5/92 

10/29/93 

10/29/93 

12/5/92 

12/5/92 

10/29/93 

10/29/93 

12/5/92 

12/5/92 

10/29/93 

10/29/93 

10/28/91 

10/28/91 

10/28/91 

10/28/91 

10/28/91 

10/28/91 

12/14/92 

10/29/93 

10/29/93 

12/14/92 

10/29/93 

10/29/93 

10/29/93 

10/29/93 

12/14/92 

10/29/93 

10/29/93 

10/28/91 

10/28/91 

SUB200 

TOTAL 

TOTAL 

TOTAL 

SUB200 

TOTAL 

TOTAL 

TOTAL 

SUB200 

TOTAL 

TOTAL 

SUB200 

TOTAL 

SUB200 

SUB200 

SUB200 

SUB200 

SUB200 

SUB200 

SUB200 

TOTAL 

SUB200 

SUB200 

SUB200 

TOTAL 

SUB200 

TOTAL 

SUB200 

TOTAL 

SUB200 

SUB200 

SUB200 

MANGANESE 

7439-96-5 

(mg/kg) 

206 

243 

QUALl 

(mg/kg) 

1.1 

QUAL 

NICKEL 

7440-02-0 | 

(mg/kg) 
QUAL 

NITRATE/ 

NITRITE 

(mg/kg) 

QUAL 

2.9 

6.2 

U 
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SAMPLE 

LOCATION 

DATE 

SAMPLED 

ANALYSIS MANGANESE 

7439-96-5 

(mg/kg) 

QUAL 

MOLYBDENUM 

(mg/kgl 

QUAL 

NICKEL 

7440-02-0 

(mg/kgl 

QUAL 

NITRATE/ 

NITRITE 

(mg/kg) 

QUAL 

UNDERFLOW SOLIDS 1-3 10/28/91 SUB200 105 112 79 
UNDERFLOW SOLIDS 2-1 12/13/92 TOTAL 93.3 J 41.4 
UNDERFLOW SOLIDS 2-2 12/14/92 TOTAL 96.4 J 31.2 
UNDERFLOW SOLIDS 2-3 12/13/92 TOTAL 88.6 J 34.9 

NEW UFS 91 10/29/93 SUB20O 

NEW UFS #1 10/29/93 TOTAL 

NEW UFS 92 10/29/93 TOTAL 

NEW UFS 92 10/29/93 SUB200 

NEW UFS 93 10/29/93 TOTAL 

NEW UFS 93 10/29/93 SUB200 
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SAMPLE DATE ANALYSIS POTASSIUM SELENIUM SILVER SODIUM 
LOCATION SAMPLED 7440-09-7 

(mg/kg) 

QUAL 7782-49-2 

(mg/kg) 

QUAL 7440-22-4 

(mg/kg) 

QUAL 7440 23 5 

(mg/kg) 

QUAL 

BAGDUST-1 10/28/91 SUB200 799 J 0.6 J 1 150 
BAGDUST-2 10/28/91 SUB200 5390 J 0.6 UJ 9 2410 
BAGDUST-3 10/28/91 SUB200 7490 J 0.6 UJ 17 2760 

COKE PILE #1 12/13/92 TOTAL 0.98 
COKE PILE 01 12/13/92 SUB200 .2 U 0.25 J 

COKE PILE 01R 10/29/93 TOTAL 2.2 
COKE PILE 01R 10/29/93 SUB200 

COKE PILE 02 12/13/92 TOTAL 0.06 U 
COKE PILE 02 12/13/92 SUB200 0.36 J 

COKE PILE 02R 10/29/93 TOTAL .604 B 
COKE PILE 02R 10/29/93 SUB200 .88 J 
COKE PILE 03 12/13/92 TOTAL .474 B 1.4 
COKE PILE #3 12/13/92 SUB200 .72 J 0.22 J 

COKE PILE 03R 10/29/93 TOTAL 
COKE PILE 03R 10/29/93 SUB200 

COKE/QUARTZ SLURRY 01 10/29/93 TOTAL 18.5 J 
COKE/QUARTZ SLURRY 01 10/29/93 SUB200 24.1 J 
COKE/QUARTZ SLURRY 02 10/29/93 TOTAL 13.1 
COKE/QUARTZ SLURRY 02 10/29/93 SUB200 8.9 J 
COKE/QUARTZ SLURRY 03 10/29/93 TOTAL 8.1 
COKE/QUARTZ SLURRY 03 10/29/93 SUB200 8.6 J 

FERROPHOS SLAG 01 

FERROPHOS SLAG 01 

12/16/92 

10/29/93 

TOTAL 

TOTAL 1 UJ 

43.1 J 

FERROPHOS SLAG 01 10/29/93 SUB200 3.1 

UJ 

FERROPHOS SLAG 02 

FERROPHOS SLAG 02 

12/16/92 

10/29/93 

TOTAL 

TOTAL .387 BJ 

19.6 J 

FERROPHOS SLAG 02 10/29/93 SUB200 1.8 
FERROPHOS SLAG 03 

FERROPHOS SLAG 03 

12/16/92 

10/29/93 

TOTAL 

TOTAL .22 BJ 

27.9 J 

FERROPHOS SLAG 03 10/29/93 SUB200 2.1 

BJ 

NEW NODULES 01 12/14/92 TOTAL 4 
NEW NODULES 01 10/29/93 TOTAL 2.1 BJ 

4 

NEW NODULES 01 10/29/93 SUB200 8.8 

BJ 
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SAMPLE DATE ANALYSIS 
LOCATION SAMPLED 

NEW NODULES #2 12/14/92 TOTAL 
NEW NODULES #2 10/29/93 TOTAL 
NEW NODULES *2 10/29/93 SUB200 
NEW NODULES #3 12/14/92 TOTAL 
NEW NODULES 03 10/29/93 TOTAL 
NEW NODULES 93 10/29/93 SUB200 

NEW SLAG #1 12/14/92 TOTAL 
NEW SLAG #1 10/29/93 TOTAL 
NEW SLAG #1 10/29/93 SUB200 
NEW SLAG 02 12/14/92 TOTAL 
NEW SLAG 92 10/29/93 SUB200 
NEW SLAG 92 10/29/93 TOTAL 
NEW SLAG 03 12/14/92 TOTAL 
NEW SLAG #3 10/29/93 SUB200 
NEW SLAG 03 10/29/93 TOTAL 

NEW TREATER DUST #1 12/13/92 TOTAL 
NEW TREATER DUST 9^ 10/29/93 TOTAL 
NEW TREATER DUST #1 10/29/93 SUB200 
NEW TREATER DUST 92 12/13/92 TOTAL 
NEW TREATER DUST 02 10/29/93 TOTAL 
NEW TREATER DUST 02 10/29/93 SUB200 
NEW TREATER DUST 03 12/13/92 TOTAL 
NEW TREATER DUST 03 10/29/93 TOTAL 
NEW TREATER DUST 03 10/29/93 SUB200 

OLD NODULES *1 12/14/92 SUB200 
OLD NODULES #1 10/29/93 TOTAL 
OLD NODULES #1 10/29/93 SUB200 
OLD NODULES 92 12/14/92 SUB200 
OLD NODULES 02 10/29/93 TOTAL 
OLD NODULES 92 10/29/93 SUB200 
OLD NODULES 93 12/14/92 SUB200 
OLD NODULES #3 10/29/93 SUB200 

POTASSIUM 

7440-09-7 

(mg/kg) 
QUAL 

SELENIUM 

7782-49-2 

(mg/kg) 
QUAL 

SILVER 

7440-22-4 

(mg/kg| 
QUAL 

SODIUM 

7440-23-5 

(mg/kg) 
QUAL 

2.2 

9.5 

1 
26.5 

5.5 

6.2 

7.4 

7.4 

6.8 
8.9 

14.8 

21 

10.3 

23.4 

12.5 

7.2 

I.725 

7.6 

2.112 

6.2 

I I . 2  

BJ 

UJ 

J 

J 

BJ 

BJ 

6.1 

5.5 

2.1 

2.7 

2.3 

57.5 

48 

93.8 

4.8 

7.1 

4.5 
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CHEMICAL ANALYTICAL RESULTS FOR INORGANIC PARAMETERS IN SOURCE SAMPLES, MONSANTO PHASE II RI/FS 

SAMPLE DATE ANALYSIS POTASSIUM SELENIUM SILVER SODIUM 
LOCATION SAMPLED 7440-09-7 QUAL 7782-49-2 QUAL 7440-22-4 QUAL 7440-23-5 QUAL 

(mg/kg) (mg/kg) (mg/kg) (mg/kg) 
OLD NODULES #3 10/29/93 TOTAL 6.3 J 

OLD SLAG #1 12/14/92 TOTAL 1.8 J 
OLD SLAG 91 10/29/93 SUB200 15.7 
OLD SLAG #1 10/29/93 TOTAL 7.7 J 
OLD SLAG 92 12/14/92 TOTAL 0.75 
OLD SLAG 92 10/29/93 TOTAL 2.4 J 
OLD SLAG 92 10/29/93 SUB200 6.5 
OLD SLAG 93 12/14/92 TOTAL 1.1 
OLD SLAG 93 10/29/93 TOTAL 2 J 
OLD SLAG 93 10/29/93 SUB200 4.4 

ORE BLEND 1A 12/7/92 TOTAL 8.8 R 
ORE BLEND 1A 12/7/92 SUB200 2.3 J 
ORE BLEND 1A 10/29/93 TOTAL 36.299 J 
ORE BLEND 1A 10/29/93 SUB200 46.3 
ORE BLEND IB 12/7/92 TOTAL 5.8 R 
ORE BLEND IB 12/7/92 SUB200 2.3 J 
ORE BLEND IB 10/29/93 TOTAL 17.653 J 
ORE BLEND IB 10/29/93 SUB200 68.7 
ORE BLEND 1C 12/7/92 TOTAL 5.6 R 
ORE BLEND 1C 12/7/92 SUB200 1.8 R 
ORE BLEND 1C 10/29/93 SUB200 21.8 

1.8 

ORE BLEND 1C 10/29/93 TOTAL 29.337 
ORE BLEND 2A 12/5/92 TOTAL 13.6 R 
ORE BLEND 2A 12/5/92 SUB200 4.8 R 
ORE BLEND 2A 10/29/93 SUB200 48 
ORE BLEND 2A 10/29/93 TOTAL 56.244 
ORE BLEND 2B 12/5/92 TOTAL 12.9 R 
ORE BLEND 2B 12/5/92 SUB200 5.5 J 
ORE BLEND 2B 10/29/93 TOTAL 31.854 J 
ORE BLEND 2B 10/29/93 SUB200 75.2 
ORE BLEND 2C 12/5/92 TOTAL 14.4 R 
ORE BLEND 2C 12/5/92 SUB200 3.4 J 
ORE BLEND 2C 10/29/93 TOTAL 33.936 

3.4 

• • • 
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CHEMICAL ANALYTICAL RESULTS FO R INORGANK : PARAM ETERS IN SO JRCE SAMPL ES, MONSANTO PHASE II RI/FS 
SAMPLE DATE ANALYSIS POTASSIUM SELENIUM SILVER SODIUM 

LOCATION SAMPLED 7440-09-7 QUAL 7782-49-2 QUAL 7440-22-4 QUAL 7440-23-5 QUAL 

(mg/kg) (mg/kg) (mg/kg) (mg/kg) 

ORE BLEND 2C 10/29/93 SUB200 72.8 

QUARTZITE #1 12/5/92 TOTAL 0.05 UR 

QUARTZITE *1 12/5/92 TOTAL 0.05 UR 
QUARTZITE #1 10/29/93 TOTAL .2 U 

QUARTZITE #1 10/29/93 SUB200 .2 U 

QUARTZITE #2 12ISI92 TOTAL 0.05 UR 

QUARTZITE #2 12/5/92 TOTAL 0.05 UR 
QUARTZITE #2 10/29/93 TOTAL .2 U 
QUARTZITE #2 10/29/93 SUB200 .2 U 
QUARTZITE #3 12/5/92 TOTAL 0.05 UR 
QUARTZITE *3 12/5/92 TOTAL 0.05 UR 
QUARTZITE 93 10/29/93 SUB200 .2 U 
QUARTZITE 93 10/29/93 TOTAL .2 UJ 

SLAG-1 10/28/91 SUB200 5650 J 0.6 UJ 16 4050 
SLAG-2 10/28/91 SUB200 6690 J 1.2 J 7.5 3390 
SLAG-3 10/28/91 SUB200 6790 J 1.7 J 9 3220 

SLURRY-1 10/28/91 SUB200 6090 J 0.6 UJ 16 2120 
SLURRY-2 10/28/91 SUB200 1900 J 0.6 UJ 3 729 
SLURRY-3 10/28/91 SUB200 9890 J 0.6 UJ 29 2970 

TREATER DUST #1 12/14/92 SUB200 7.3 J 
OLD TREATER DUST #1 10/29/93 TOTAL 34.5 J 
OLD TREATER DUST #1 10/29/93 SUB200 60.4 

TREATER DUST 92 12/14/92 SUB200 4.2 J 
OLD TREATER DUST 92 10/29/93 SUB200 18.2 
OLD TREATER DUST 92 10/29/93 TOTAL 3.6 J 

OLD TREATER DUST #2D 10/29/93 SUB200 10.9 
OLD TREATER DUST #2D 10/29/93 TOTAL 5.5 BJ 

TREATER DUST #3 12/14/92 SUB200 7 J 
OLD TREATER DUST 93 10/29/93 TOTAL 38.8 J 
OLD TREATER DUST 93 10/29/93 SUB200 41.7 

UNDERFLOW SOLIDS 1-1 10/28/91 SUB200 13200 J 0.6 UJ 13 4660 
UNDERFLOW SOUDS 1-2 10/28/91 SUB200 13200 J 0.6 UJ 15 4950 
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SAMPLE 

LOCATION 
DATE 

SAMPLED 

ANALYSIS POTASSIUM 

7440-09-7 

(mg/kg) 

QUAL 

SELENIUM 

7782-49-2 

(mg/kg) 

or*mri_ 

QUAL 

SILVER 

7440-22-4 

(mg/kg) 

i \j rnMS 

QUAL 

>fc II Ml/hb 

SODIUM 

7440-23-5 QUAL 

UNDERFLOW SOLIDS 1-3 10/28/91 SUB200 13600 J 0.6 UJ 8 4260 
UNDERFLOW SOLIDS 2-1 12/13/92 TOTAL 

UJ 

48.3 

68.3 

54.7 

4260 

UNDERFLOW SOLIDS 2-2 12/14/92 TOTAL 
48.3 

68.3 

54.7 
UNDERFLOW SOLIDS 2-3 12/13/92 TOTAL 

48.3 

68.3 

54.7 
NEW UFS #1 10/29/93 SUB200 196 

48.3 

68.3 

54.7 

NEW UFS #1 10/29/93 TOTAL 199.105 
NEW UFS 92 10/29/93 TOTAL 132.403 
NEW UFS 92 10/29/93 SUB200 197 
NEW UFS 93 10/29/93 TOTAL 175.835 
NEW UFS #3 10/29/93 SUB200 231 
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913-1101.605 
page 21 of 25 

DATE 

SAMPLED 

ANALYSIS 

BAGDUST-1 I 10/28/91 

BAGDUST-2 I 10/28/91 

BAGDUST-3 I 10/28/91 

COKE PILE #1 I 12/13/92 

COKE PILE #1 I 12/13/92 

COKE PILE £1R 10/29/93 

COKE PILE #1R I 10/29/93 

COKE PILE #2 12/13/92 

COKE PILE #2 I 12/13/92 

COKE PILE £2R I 10/29/93 

COKE PILE £2R I 10/29/93 

COKE PILE #3 112/13/92 

COKE PILE #3 I 12/13/92 

COKE PILE £3R I 10/29/93 

COKE PILE £3R I 10/29/93 

COKE/QUARTZ SLURRY #1 I 10/29/93 

COKE/QUARTZ SLURRY #1 I 10/29/93 

COKE/QUARTZ SLURRY #2 I 10/29/93 

COKE/QUARTZ SLURRY £2 I 10/29/93 

COKE/QUARTZ SLURRY #3 10/29/93 

COKE/QUARTZ SLURRY £3 I 10/29/93 

FERROPHOS SLAG £1 I 12/16/92 

FERROPHOS SLAG £1 I 10/29/93 

FERROPHOS SLAG £1 10/29/93 

FERROPHOS SLAG £2 I 12/16/92 

FERROPHOS SLAG £2 I 10/29/93 

FERROPHOS SLAG £2 I 10/29/93 

FERROPHOS SLAG £3 12/16/92 

FERROPHOS SLAG £3 I 10/29/93 

FERROPHOS SLAG £3 I 10/29/93 

NEW NODULES £1 12/14/92 

NEW NODULES £1 I 10/29/93 

NEW NODULES £1 | 10/29/93 

SUB200 

SUB200 

SUB200 

I TOTAL 

SUB200 

TOTAL 

SUB200 

TOTAL 

SUB200 

TOTAL 

SUB200 

TOTAL 

SUB200 

TOTAL 

SUB200 

TOTAL 

SUB200 

TOTAL 

SUB200 

TOTAL 

SUB200 

TOTAL 

TOTAL 

SUB200 

TOTAL 

TOTAL 

SUB200 

TOTAL 

TOTAL 

SUB200 

TOTAL 

TOTAL 

SUB200 

VANADIUM 

7440-62-2 

(mfl/L) 

QUAL 

ZINC 

7440-66-6 I QUAL PH 

60000 

55100 

65100 

1640 

(ma/LI I 
62 I J 7.9 

1790 1 J I 8.6 
4450 J 8 
265 I J 

21.1 

32.7 

60.5 

45.5 

13.4 
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SAMPLE 

LOCATION 

DATE 

SAMPLED 

ANALYSIS VANADIUM 

7440-62-2 

(mg/L) 

QUAL 

ZINC 

7440-66-6 

<mg/L) 

QUAL PH 

NEW NODULES 02 12/14/92 TOTAL 1500 6 
NEW NODULES 02 10/29/93 TOTAL 
NEW NODULES 02 10/29/93 SUB200 
NEW NODULES 03 12/14/92 TOTAL 1550 12.4 
NEW NODULES #3 10/29/93 TOTAL 
NEW NODULES 03 10/29/93 SUB200 

NEW SLAG #1 12/14/92 TOTAL 484 4.5 
NEW SLAG #1 10/29/93 TOTAL 

NEW SLAG 01 10/29/93 SUB200 

NEW SLAG 02 12/14/92 TOTAL 835 0.75 U 
NEW SLAG 02 10/29/93 SUB200 
NEW SLAG 02 10/29/93 TOTAL 
NEW SLAG #3 12/14/92 TOTAL 254 1.7 U 
NEW SLAG #3 10/29/93 SUB200 
NEW SLAG 03 10/29/93 TOTAL 

NEW TREATER DUST 01 12/13/92 TOTAL 844 4180 J 
NEW TREATER DUST #1 10/29/93 TOTAL 
NEW TREATER DUST #1 10/29/93 SUB200 
NEW TREATER DUST 02 12/13/92 TOTAL 726 3910 J 
NEW TREATER DUST 02 10/29/93 TOTAL 
NEW TREATER DUST 02 10/29/93 SUB200 
NEW TREATER DUST #3 12/13/92 TOTAL 868 100 J 
NEW TREATER DUST #3 10/29/93 TOTAL 
NEW TREATER DUST #3 10/29/93 SUB200 

OLD NODULES #1 12/14/92 SUB200 1330 914 
OLD NODULES 01 10/29/93 TOTAL 
OLD NODULES 01 10/29/93 SUB200 
OLD NODULES 02 12/14/92 SUB200 877 690 
OLD NODULES 02 10/29/93 TOTAL 
OLD NODULES 02 10/29/93 SUB200 
OLD NODULES 03 12/14/92 SUB200 1340 234 
OLD NODULES 03 10/29/93 SUB200 
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SAMPLE 

LOCATION 

DATE 

SAMPLED 

ANALYSIS VANADIUM 

7440-62-2 

(mg/L) 

QUAL 

ZINC 

7440-66-6 

(mg/L) 

QUAL PH 

OLD NODULES #3 10/29/93 TOTAL 
OLD SLAG #1 12/14/92 TOTAL 334 43.8 
OLD SLAG #1 10/29/93 SUB200 
OLD SLAG #1 10/29/93 TOTAL 
OLD SLAG 82 12/14/92 TOTAL 287 15.2 
OLD SLAG 82 10/29/93 TOTAL 
OLD SLAG 82 10/29/93 SUB200 
OLD SLAG #3 12/14/92 TOTAL 186 17.1 
OLD SLAG *3 10/29/93 TOTAL 
OLD SLAG 83 10/29/93 SUB200 

ORE BLEND 1A 12/7/92 TOTAL 1270 J 1980 J 
ORE BLEND 1A 12/7/92 SUB200 1940 J 3150 J 
ORE BLEND 1A 10/29/93 TOTAL 
ORE BLEND 1A 10/29/93 SUB200 
ORE BLEND IB 12/7/92 TOTAL 1550 J 2400 J 
ORE BLEND IB 12/7/92 SUB200 2330 J 3320 J 
ORE BLEND IB 10/29/93 TOTAL 
ORE BLEND 1B 10/29/93 SUB200 
ORE BLEND 1C 12/7/92 TOTAL 1770 J 1650 J 
ORE BLEND 1C 12/7/92 SUB200 2310 J 1940 J 
ORE BLEND 1C 10/29/93 SUB200 
ORE BLEND 1C 10/29/93 TOTAL 
ORE BLEND 2A 12/5/92 TOTAL 1810 J 1230 J 
ORE BLEND 2A 12/5/92 SUB200 1680 J 1850 J 
ORE BLEND 2A 10/29/93 SUB200 
ORE BLEND 2A 10/29/93 TOTAL 
ORE BLEND 2B 12/5/92 TOTAL 1630 J 1290 J 
ORE BLEND 2B 12/5/92 SUB200 2200 J 1800 J 
ORE BLEND 2B 10/29/93 TOTAL 
ORE BLEND 2B 10/29/93 SUB200 
ORE BLEND 2C 12/5/92 TOTAL 1250 J 1290 J 
ORE BLEND 2C 12/5/92 SUB200 1960 J 1810 J 
ORE BLEND 2C 10/29/93 TOTAL 
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SAMPLE DATE ANALYSIS VANADIUM ZINC 
LOCATION SAMPLED 7440-62-2 

(mg/L) 

QUAL 7440-66-6 

(mg/L) 

QUAL pH 

ORE BLEND 2C 10/29/93 SUB200 

QUARTZITE 91 12/S/92 TOTAL 0.66 J 2 U 
QUARTZITE #1 12/5/92 TOTAL 0.66 U 6.1 U 
QUARTZITE #1 10/29/93 TOTAL 

QUARTZITE #1 10/29/93 SUB200 

QUARTZITE 92 12/5/92 TOTAL 0.66 U 3 U 
QUARTZITE 92 12/5/92 TOTAL 0.65 U 2.3 U 
QUARTZITE 92 10/29/93 TOTAL 
QUARTZITE 92 10/29/93 SUB200 
QUARTZITE #3 12/5/92 TOTAL 0.66 U 1.8 U 
QUARTZITE 93 12/5/92 TOTAL 0.66 U 0.76 U 
QUARTZITE #3 10/29/93 SUB200 
QUARTZITE 93 10/29/93 TOTAL 

SLAG-1 10/28/91 SUB200 492 839 J 9.7 
SLAG-2 10/28/91 SUB200 574 307 J 9.9 
SLAG-3 10/28/91 SUB200 262 5.1 J 9.8 

SLURRY-1 10/28/91 SUB200 649 3160 J 7.7 
SLURRY-2 10/28/91 SUB200 275 385 J 7.8 
SLURRY-3 10/28/91 SUB200 1540 7940 J 7.4 

TREATER DUST #1 12/14/92 SUB200 491 35600 
OLD TREATER DUST #1 10/29/93 TOTAL 
OLD TREATER DUST #1 10/29/93 SUB200 

TREATER DUST 92 12/14/92 SUB200 457 54200 
OLD TREATER DUST 92 10/29/93 SUB200 
OLD TREATER DUST 92 10/29/93 TOTAL 

OLD TREATER DUST #2D 10/29/93 SUB200 

OLD TREATER DUST 92D 10/29/93 TOTAL 
TREATER DUST 93 12/14/92 SUB200 488 36000 

OLD TREATER DUST 93 10/29/93 TOTAL 

OLD TREATER DUST #3 10/29/93 SUB200 

UNDERFLOW SOLIDS 1-1 10/28/91 SUB200 1500 9990 J 6.4 
UNDERFLOW SOLIDS 1-2 10/28/91 SUB200 1600 10900 J 6.5 
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SOURCE 
SAMPLE 

LOCATION 

DATE 

SAMPLED 

ANALYSIS VANADIUM 

7440-62-2 

(mg/L) 

QUAL 

ZINC 

7440-66-6 

(mg/L) 

QUAL PH 

UNDERFLOW SOLIDS 1-3 10/28/91 SUB200 1810 8190 J 6 
UNDERFLOW SOLIDS 2-1 12/13/92 TOTAL 2050 11900 J 

6 

UNDERFLOW SOLIDS 2-2 12/14/92 TOTAL 2040 6940 J 
UNDERFLOW SOLIDS 2-3 12/13/92 TOTAL 1970 7270 J 

NEW UFS 9\ 10/29/93 SUB200 
NEW UFS #1 10/29/93 TOTAL 
NEW UFS #2 10/29/93 TOTAL 
NEW UFS #2 10/29/93 SUB200 
NEW UFS 93 10/29/93 TOTAL 
NEW UFS 93 10/29/93 SUB200 

913-1101.605 

page 25 of 25 
PHASE II RI/FS 
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:HEMICAL ANALYTICAL RESULTS FOR RADIOLOGICAL PARAMETER S IN SOURCE SAM PLES. MONSA NTO PHAS II Rl/F 
LEAD-210 POLONIUM-210 

LOCATION DATE ANALYSIS @46KeV 
pCI/G 
Mrv) 

ERROR 
( + /-) 

QUAL TOTAL 
pCi/G 
(dry) 

ERROR 
( + /-) 

QUAL 

BAG DUST-1 10/28/91 SUB200 1.6 0.3 1 0.4 
BAGDUST-2 10/28/91 SUB200 40 1 48 2 
BAGDUST-3 10/28/91 SUB200 100 10 94 2 

COKE PILE 91 12/13/92 TOTAL 0.46 U 0.1 U 
COKE PILE #1 12/13/92 SUB200 3 2.3 1 1.3 
COKE PILE 92 12/13/92 TOTAL 0.48 U 0.5 0.7 
COKE PILE 92 12/13/92 SUB200 3.6 2.1 3.2 1.8 
COKE PILE #3 12/13/92 TOTAL 0.47 U 0.3 0.5 
COKE PILE #3 12/13/92 SUB200 4.3 3.6 5.9 5.1 

FERROPHOS SLAG #1 12/16/92 TOTAL 0.95 U 3 0.7 
FERROPHOS SLAG 92 12/16/92 TOTAL 1.3 0.9 U 4.6 2.2 
FERROPHOS SLAG 93 12/16/92 TOTAL 1 0.8 U 1.8 0.5 

NEW NODULES #1 12/14/92 TOTAL 0.2 2.6 U 1.6 0.9 
NEW NODULES 92 12/14/92 TOTAL 0.4 2.2 U 2.1 1.1 
NEW NODULES #3 12/14/92 TOTAL 1.3 U 0.6 0.6 

NEW SLAG #1 12/14/92 TOTAL 1.4 2.2 U 0.6 0.5 
NEW SLAG 92 12/14/92 TOTAL 1.7 U 0.1 0.5 U 
NEW SLAG 93 12/14/92 TOTAL 1.6 U 0.3 U 

NEW TREATER DUST #1 12/13/92 TOTAL 120 10 76 8 
NEW TREATER DUST 92 12/13/92 TOTAL 94 10 78 7 
NEW TREATER DUST 93 12/13/92 TOTAL 130 10 89 8 

OLD NODULES #1 12/14/92 SUB200 4.6 3.8 U 3.7 1.8 
OLD NODULES 92 12/14/92 SUB200 5.7 3.8 U 9.1 2.5 
OLD NODULES 93 12/14/92 SUB200 5.4 2.8 U 2.3 1.3 

OLD SLAG #1 12/14/92 TOTAL 5.6 1.9 4.3 2 
OLD SLAG 92 12/14/92 TOTAL 3.5 1.5 U 0.9 1.4 
OLD SLAG 93 12/14/92 TOTAL 11 2 17 3 

ORE BLEND 1A 12/7/92 TOTAL 40 3 50 8 
ORE BLEND 1A 12/7/92 SUB200 33 2 49 14 
ORE BLEND 1B 12/7/92 TOTAL 44 3 38 11 
ORE BLEND 1B 12/7/92 SUB200 33 3 30 8 
ORE BLEND 1C 12/7/92 TOTAL 40 2 29 9 
ORE BLEND 1C 12/7/92 SUB200 32 3 27 4 
ORE BLEND 2A 12/5/92 TOTAL 37 4 36 14 
ORE BLEND 2A 12/5/92 SUB200 28 2 29 12 
ORE BLEND 2B 12/5/92 TOTAL 38 3 39 10 
ORE BLEND 2B 12/5/92 SUB200 38 3 31 14 
ORE BLEND 2C 12/5/92 TOTAL 39 4 46 16 
ORE BLEND 2C 12/5/92 SUB200 28 2 24 11 

QUARTZITE A1/A2 12/5/92 TOTAL 0.4 0.5 U 0.2 U 
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:hemical analytical results for radiological parameters in source SAIV PLES. MONSA NTO PHAS E II Rl/F 
LEAD-210 P0L0NIUM-210 

LOCATION DATE ANALYSIS @46KeV 
pCi/G 
Idrv) 

ERROR 
1 + /-) 

QUAL TOTAL 
pCi/G 
(drv) 

ERROR 
( + /-) 

QUAL 

QUARTZITE A1/A2 12/5/92 SUB200 2 U 0.5 0.4 
QUARTZITE B1/B2 12/5/92 TOTAL 0.4 0.8 U 0.4 0.5 
QUARTZITE B1/B2 12/5/92 SUB200 1.5 U 0.4 U 
QUARTZITE C1/C2 12/5/92 TOTAL 0.3 0.7 U 0.1 0.2 
QUARTZITE C1/C2 12/5/92 SUB200 2.1 U 0.3 0.3 

SLAG-1 10/28/91 SUB200 6.6 0.6 7 0.6 
SLAG-2 10/28/91 SUB200 1.2 0.3 0.3 0.4 U 
SLAG-3 10/28/91 SUB200 6.6 0.6 5.8 0.6 

SLURRY! 10/28/91 SUB200 37 1 23 1 
SLURRY-2 10/28/91 SUB200 29 1 24 1 
SLURRY-3 10/28/91 SUB200 120 10 100 10 

TREATER DUST #1 12/14/92 SUB200 240 20 180 10 
TREATER DUST 92 12/14/92 SUB200 370 40 250 10 
TREATER DUST 93 12/14/92 SUB200 290 10 110 10 

UNDERFLOW SOLIDS 1-1 10/28/91 SUB200 250 10 260 10 
UNDERFLOW SOLIDS 1-2 10/28/91 SUB200 260 10 99 5 
UNDERFLOW SOLIDS 1-3 10/28/91 SUB200 240 10 120 10 
UNDERFLOW SOLIDS 2-1 12/13/92 TOTAL 390 40 490 20 
UNDERFLOW SOLIDS 2-2 12/14/92 TOTAL 230 20 290 20 
UNDERFLOW SOLIDS 2-3 12/13/92 TOTAL 260 30 240 10 
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CHEMICAL ANALYTICAL R ESULTS FOF RADIOLOGICAL PARAMETERS IN SC URCE SAM PLES, MONSANTO PHASE II RI/FS 
P0TASSIUM-40 RADIUM-226 

LOCATION DATE ANALYSIS @>1460 KeV 
pCi/G 
(drv) 

ERROR 
( + /-) 

QUAL 
pCi/G 
(drv) 

ERROR 
( + /-) 

QUAL 

BAG DUST-1 10/28/91 SUB200 1.6 0.5 1.2 0.2 
BAGDUST-2 10/28/91 SUB200 7.2 1.2 32 1 
BAGDUST-3 10/28/91 SUB200 6.2 1 26 1 

COKE PILE #1 12/13/92 TOTAL 0.43 U 0.24 0.15 
COKE PILE #1 12/13/92 SUB200 0.24 U 1.3 0.9 
COKE PILE #2 12/13/92 TOTAL 0.67 0.43 0.28 0.14 
COKE PILE #2 12/13/92 SUB200 0 2.4 2.2 0.9 
COKE PILE #3 12/13/92 TOTAL 0 0.35 0.07 0.13 
COKE PILE #3 12/13/92 SUB200 0 2.4 3.6 1.1 

FERROPHOS SLAG *1 12/16/92 TOTAL 0.59 0.52 U 3.9 0.4 
FERROPHOS SLAG #2 12/16/92 TOTAL 2 0.7 U 9.2 0.5 
FERROPHOS SLAG #3 12/16/92 TOTAL 0.58 0.48 U 3.5 0.4 

NEW NODULES #1 12/14/92 TOTAL 5 1.2 U 52 1 
NEW NODULES 92 12/14/92 TOTAL 4.9 1.4 U 48 1 
NEW NODULES #3 12/14/92 TOTAL 7.7 1.5 51 

NEW SLAG «1 12/14/92 TOTAL 5.6 1.3 U 51 1 
NEW SLAG *2 12/14/92 TOTAL 6.4 1.3 44 1 
NEW SLAG *3 12/14/92 TOTAL 5.8 1 U 49 1 

NEW TREATER DUST f1 12/13/92 TOTAL 67 2 22 1 
NEW TREATER DUST #2 12/13/92 TOTAL 58 2 26 1 
NEW TREATER DUST #3 12/13/92 TOTAL 78 2 25 1 

OLD NODULES #1 12/14/92 SUB200 9.8 4.3 U 41 3 
OLD NODULES 92 12/14/92 SUB200 4.6 4.4 U 42 3 
OLD NODULES #3 12/14/92 SUB200 4.4 4.4 U 40 3 

OLD SLAG #1 12/14/92 TOTAL 7.4 1.4 U 42 1 
OLD SLAG 92 12/14/92 TOTAL 7.6 1.4 47 2 
OLD SLAG 93 12/14/92 TOTAL 6.8 1.3 U 43 1 

ORE BLEND 1A 12/7/92 TOTAL 5.9 0.9 U 46 1 
ORE BLEND 1A 12/7/92 SUB200 10 1 34 1 
ORE BLEND IB 12/7/92 TOTAL 6 0.9 U 49 1 
ORE BLEND 1B 12/7/92 SUB200 10 1 28 1 
ORE BLEND 1C 12/7/92 TOTAL 5.6 1.1 U 43 1 
ORE BLEND 1C 12/7/92 SUB200 9.9 1.3 34 1 
ORE BLEND 2A 12/5/92 TOTAL 7.7 1.4 43 1 
ORE BLEND 2A 12/5/92 SUB200 14 1 30 1 
ORE BLEND 2B 12/5/92 TOTAL 8.1 1.3 U 49 2 
ORE BLEND 2B 12/5/92 SUB200 21 4 U 28 2 
ORE BLEND 2C 12/5/92 TOTAL 7 1.1 U 46 1 
ORE BLEND 2C 12/5/92 SUB200 13 1 30 1 

QUARTZITE A1/A2 12/5/92 TOTAL 0.56 0.49 0.02 0.12 
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LOCATION DATE ANALYSIS 
P0TASSIUM-40 

i kku, 
RADIUM-226 

LOCATION DATE ANALYSIS @1460 KeV 
pCi/G 
(drv) 

ERROR 
( + /-) 

QUAL 
pCi/G 
(drv) 

ERROR 
< + /-) 

QUAL 

QUARTZITE A1/A2 12/5/92 SUB200 5.6 2.7 0.7 U 
QUARTZITE B1/B2 12/5/92 TOTAL 0.45 0.41 0.07 0.13 
QUARTZITE B1 /B2 12/5/92 SUB200 2.4 U 0.7 0.7 
QUARTZITE C1/C2 12/5/92 TOTAL 0.64 0.48 0.05 0.13 
QUARTZITE C1/C2 12/5/92 SUB200 5.5 2.9 0.3 0.7 

SLAG-1 10/28/91 SUB200 6.6 1.4 43 1 
SLAG-2 10/28/91 SUB200 6.7 1.4 54 2 
SLAG-3 10/28/91 SUB200 6.8 1.4 46 2 

SLURRY-1 10/28/91 SUB200 3.4 0.8 10 1 
SLURRY-2 10/28/91 SUB200 4.9 0.9 12 1 
SLURRY-3 10/28/91 SUB200 9.8 1.2 17 1 

TREATER DUST #1 12/14/92 SUB200 41 2 27 1 
TREATER DUST #2 12/14/92 SUB200 68 2 20 1 
TREATER DUST #3 12/14/92 SUB200 100 10 14 1 

UNDERFLOW SOLIDS 1-1 10/28/91 SUB200 9.4 1.5 36 1 
UNDERFLOW SOLIDS 1-2 10/28/91 SUB200 11 1 35 1 
UNDERFLOW SOLIDS 1-3 10/28/91 SUB200 9.5 1.5 42 1 
UNDERFLOW SOLIDS 2-1 12/13/92 TOTAL 11 1 36 1 
UNDERFLOW SOLIDS 2-2 12/14/92 TOTAL 8.4 1.3 39 1 
UNDERFLOW SOLIDS 2-3 12/13/92 TOTAL 10 1 39 1 
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CHEMICAL ANALYTICAL RESULTS FOR RADIOLOGICAL PARAMET ERS IN SOURCE SA MPLES. MONSANTO PHASE 1 RI/FS 
RADIUM-228 THORIUM-228 THORIUM-230 

LOCATION DATE ANALYSIS ERROR QUAL TOTAL ERROR QUAL TOTAL ERROR QUAL 
pd/G ( + /-) pCi/G ( + /-) pCi/G ( + /-) 
(dry) (dry) (dry) 

BAG DUST-1 10/28/91 SUB200 0.2 0.2 0.1 0.2 U 1 0.3 U 
BAGDUST-2 10/28/91 SUB200 0 0.3 0.4 0.2 33 2 
BAGDUST-3 10/28/91 SUB200 0.4 0.2 0.3 0.2 24 2 

COKE PILE *1 12/13/92 TOTAL 0.2 U 0.4 0.2 
COKE PILE #1 12/13/92 SUB200 0.4 0.3 0.6 0.3 
COKE PILE 92 12/13/92 TOTAL 0.2 0.2 0.8 0.3 
COKE PILE 92 12/13/92 SUB200 0.1 0.2 2.6 0.4 
COKE PILE #3 12/13/92 TOTAL 0.1 0.1 0.2 U 
COKE PILE #3 12/13/92 SUB200 0.3 0.2 3.9 0.5 

FERROPHOS SLAG #1 12/16/92 TOTAL 0.1 U 4.8 0.8 
FERROPHOS SLAG 92 12/16/92 TOTAL 0.1 0.1 U 9.7 0.9 
FERROPHOS SLAG #3 12/16/92 TOTAL 0.1 0.1 U 4.7 0.8 

NEW NODULES #1 12/14/92 TOTAL 0.3 0.3 53 3 
NEW NODULES 92 12/14/92 TOTAL 0.4 0.5 55 4 
NEW NODULES 93 12/14/92 TOTAL 0.3 0.3 50 3 

NEW SLAG #1 12/14/92 TOTAL 0.4 0.6 51 4 
NEW SLAG 92 12/14/92 TOTAL 0.4 0.4 39 3 
NEW SLAG 93 12/14/92 TOTAL 0.5 0.6 57 4 

NEW TREATER DUST #1 12/13/92 TOTAL 0.6 0.7 20 3 
NEW TREATER DUST 92 12/13/92 TOTAL 0.1 0.3 24 2 
NEW TREATER DUST 93 12/13/92 TOTAL 0.3 0.5 21 2 

OLD NODULES #1 12/14/92 SUB200 0.5 0.2 53 2 
OLD NODULES 92 12/14/92 SUB200 0.4 0.3 53 3 
OLD NODULES #3 12/14/92 SUB200 0.4 0.5 50 4 

OLD SLAG #1 12/14/92 TOTAL 0.3 0.3 37 3 
OLD SLAG 92 12/14/92 TOTAL 0.1 0.4 44 4 
OLD SLAG 93 12/14/92 TOTAL 0.6 0.6 40 4 
ORE BLEND 1A 12/7/92 TOTAL 0.2 0.1 49 2 
ORE BLEND 1A 12/7/92 SUB200 0.7 0.2 37 1 
ORE BLEND 1B 12/7/92 TOTAL 0.7 0.3 58 2 
ORE BLEND 1B 12/7/92 SUB200 0.4 0.2 39 2 
ORE BLEND 1C 12/7/92 TOTAL 0.2 0.1 45 2 
ORE BLEND 1C 12/7/92 SUB200 0.4 0.2 37 1 
ORE BLEND 2A 12/5/92 TOTAL 0.3 0.2 44 2 
ORE BLEND 2A 12/5/92 SUB200 0.6 0.2 33 1 
ORE BLEND 2B 12/5/92 TOTAL 0.7 0.3 58 2 
ORE BLEND 2B 12/5/92 SUB200 0.4 0.2 32 1 
ORE BLEND 2C 12/5/92 TOTAL 0.2 0.2 62 2 
ORE BLEND 2C 12/5/92 SUB200 1 0.3 31 1 

QUARTZITE A1/A2 12/5/92 TOTAL 0.1 0.1 0.2 0.2 
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LOCATION DATE ANALYSIS 
RADIUM-228 THORIUM-228 THORIUM-230 

LOCATION DATE ANALYSIS 
pCi/G 
Idrvl 

ERROR 
( + /-) 

QUAL TOTAL 
pCi/G 
(drv) 

ERROR 
( + /-) 

QUAL TOTAL 
pCi/G 
(drv) 

ERROR 
( + /-) 

QUAL 

QUARTZITE A1/A2 12/5/92 SUB200 0.2 0.2 0.2 0.2 
QUARTZITE B1/B2 12/5/92 TOTAL 0.1 0.1 0.5 0.2 
QUARTZITE B1/B2 12/5/92 SUB200 0.1 0.1 0.3 0.1 
QUARTZITE C1/C2 12/5/92 TOTAL 0.1 U 0.1 U 
QUARTZITE C1/C2 12/5/92 SUB200 0.2 0.1 0.3 0.1 

SLAG-1 10/28/91 SUB200 0 0.3 0.6 0.3 46 2 
SLAG-2 10/28/91 SUB200 0 0.3 0.3 0.3 40 3 
SLAG-3 10/28/91 SUB200 0.7 0.3 5.1 2.9 430 20 

SLURRY-1 10/28/91 SUB200 0.3 0.2 0.2 0.2 U 9.1 0.7 
SLURRY-2 10/28/91 SUB200 0 0.2 0.3 0.2 12 1 
SLURRY-3 10/28/91 SUB200 0.5 0.3 0.6 0.3 19 1 

TREATER DUST #1 12/14/92 SUB200 0.4 0.3 30 2 
TREATER DUST #2 12/14/92 SUB200 0.1 0.2 17 1 
TREATER DUST #3 12/14/92 SUB200 0.2 U 8 0.7 

UNDERFLOW SOLIDS 1-1 10/28/91 SUB200 0.6 0.4 0.4 0.2 39 2 
UNDERFLOW SOLIDS 1-2 10/28/91 SUB200 1 0.4 0.5 0.3 38 2 
UNDERFLOW SOLIDS 1-3 10/28/91 SUB200 0.4 0.3 0.4 0.2 44 2 
UNDERFLOW SOLIDS 2-1 12/13/92 TOTAL 0.3 0.4 40 2 
UNDERFLOW SOLIDS 2-2 12/14/92 TOTAL 0.7 0.9 45 4 
UNDERFLOW SOLIDS 2-3 12/13/92 TOTAL 0.6 U 43 3 

ERS IN SOURCE SA 
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CHEMICAL ANALYTICAL RESLI LTS FOR RADIOLOGICAL PARAMETE RS IN SOURCE SAMPLES. M ONSANTO PHASE 1 RI/FS 
THORIUM-232 URANIUM-234 URANIUM-238 

LOCATION DATE ANALYSIS TOTAL 
pd/G 
(drv) 

ERROR 
( + /-) 

QUAL TOTAL 
pCi/G 
(drv) 

ERROR 
( + /-> 

QUAL TOTAL 
pCi/G 
(drv) 

ERROR 
( + /-> 

QUAL 

BAGDUST-1 10/28/91 SUB200 0.1 0.1 1.3 0.5 

BAGDUST-2 10/28/91 SUB200 0.4 0.2 35 4 
BAGDUST-3 10/28/91 SUB200 0.5 0.3 24 3 

COKE PILE #1 12/13/92 TOTAL 0.2 0.1 0.3 0.1 0.3 0.1 
COKE PILE #1 12/13/92 SUB200 0.3 0.2 0.5 0.1 0.4 0.1 
COKE PILE 92 12/13/92 TOTAL 0.3 0.2 0.3 0.1 0.4 0.1 
COKE PILE 92 12/13/92 SUB200 0.1 0.1 2.1 0.5 2 0.5 
COKE PILE 93 12/13/92 TOTAL 0 0.1 0.2 U 0.1 0.1 
COKE PILE 93 12/13/92 SUB200 0.1 0.1 3.3 1 3.7 1 

FERROPHOS SLAG #1 12/16/92 TOTAL 110 0 110 0 
FERROPHOS SLAG 92 12/16/92 TOTAL 96 2 100 0 
FERROPHOS SLAG #3 12/16/92 TOTAL 79 2 80 2 

NEW NODULES 91 12/14/92 TOTAL 0.4 0.3 49 2 48 2 
NEW NODULES #2 12/14/92 TOTAL 0.3 0.4 43 5 46 5 
NEW NODULES 93 12/14/92 TOTAL 0.4 0.3 46 2 46 2 

NEW SLAG #1 12/14/92 TOTAL 0.2 0.4 45 4 44 4 
NEW SLAG 92 12/14/92 TOTAL 0.6 0.4 40 2 45 3 
NEW SLAG 93 12/14/92 TOTAL 0.5 0.5 38 4 38 4 

NEW TREATER DUST #1 12/13/92 TOTAL 0.1 0.2 17 5 16 5 
NEW TREATER DUST 92 12/13/92 TOTAL 0 0.1 22 3 23 3 
NEW TREATER DUST 93 12/13/92 TOTAL 0.2 0.2 20 4 18 4 

OLD NODULES #1 12/14/92 SUB200 0.5 0.2 38 1 40 1 
OLD NODULES 92 12/14/92 SUB200 0.2 0.2 41 3 41 3 
OLD NODULES 93 12/14/92 SUB200 0.8 0.6 43 5 47 5 

OLD SLAG #1 12/14/92 TOTAL 0.4 0.3 36 2 35 2 
OLD SLAG 92 12/14/92 TOTAL 0.3 0.4 36 3 40 3 
OLD SLAG 93 12/14/92 TOTAL 0.4 0.3 33 3 36 3 

ORE BLEND 1A 12/7/92 TOTAL 0.3 0.1 41 4 39 4 
ORE BLEND 1A 12/7/92 SUB200 0.5 0.2 30 3 30 3 
ORE BLEND 1B 12/7/92 TOTAL 1.3 0.3 46 3 46 3 
ORE BLEND 1B 12/7/92 SUB200 0.9 0.2 31 2 31 2 
ORE BLEND 1C 12/7/92 TOTAL 0.6 0.2 45 2 49 2 
ORE BLEND 1C 12/7/92 SUB200 0.5 0.2 32 1 34 1 
ORE BLEND 2A 12/5/92 TOTAL 0.2 0.1 39 3 40 3 
ORE BLEND 2A 12/5/92 SUB200 0.4 0.2 27 2 27 2 
ORE BLEND 2B 12/5/92 TOTAL 1.2 0.3 42 3 42 3 
ORE BLEND 2B 12/5/92 SUB200 0.7 0.2 25 3 26 3 
ORE BLEND 2C 12/5/92 TOTAL 0.9 0.3 37 3 40 3 
ORE BLEND 2C 12/5/92 SUB200 0.6 0.2 27 3 30 3 

QUARTZITE A1/A2 12/5/92 TOTAL 0.1 0.1 0.1 U 0.1 U 
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CHEMICAL ANALYTICAL RESULTS FOR RADIOLOGICAL PARAMETE RS IN SOURCE SAMPLES. M ONSANTO PHASE II RI/FS 
THORIUM-232 URANIUM-234 URANIUM-238 

LOCATION DATE ANALYSIS TOTAL 
pCi/G 
(drv) 

ERROR 
( + /-) 

QUAL TOTAL 
pCi/G 
(dry) 

ERROR 
< + /-> 

QUAL TOTAL 
pCi/G 
(drv) 

ERROR 
( + /-) 

QUAL 

QUARTZITE A1/A2 12/5/92 SUB200 0.2 0.1 0.2 0.1 0.3 0.1 
QUARTZITE B1/B2 12/5/92 TOTAL 0.1 0.1 0.2 0.1 0.1 0.1 U 
QUARTZITE B1/B2 12/5/92 SUB200 0.3 0.1 0.3 0.1 0.2 0.1 U 
QUARTZITE C1/C2 12/5/92 TOTAL 0.1 0.1 0.1 0.1 0.1 0.1 U 
QUARTZITE C1/C2 12/5/92 SUB200 0.2 0.1 0.1 0.1 0.2 0.1 U 

SLAG-1 10/28/91 SUB200 4.8 0.8 41 5 
SLAG-2 10/28/91 SUB200 0.1 0.1 47 4 
SLAG-3 10/28/91 SUB200 3.1 2.1 44 5 

SLURRY-1 10/28/91 SUB200 0.3 0.1 10 2 
SLURRY-2 10/28/91 SUB200 0.4 0.2 9.5 1.7 
SLURRY-3 10/28/91 SUB200 1.6 0.4 9.9 1.6 

TREATER DUST $ 1 12/14/92 SUB200 0.7 0.3 21 2 24 2 
TREATER DUST »2 12/14/92 SUB200 0.2 0.1 17 1 20 2 
TREATER DUST #3 12/14/92 SUB200 0.1 0.1 6 0.7 7.6 0.8 

UNDERFLOW SOLIDS 1-1 10/28/91 SUB200 0.6 0.2 31 4 
UNDERFLOW SOLIDS 1-2 10/28/91 SUB200 0.2 0.2 34 4 
UNDERFLOW SOLIDS 1-3 10/28/91 SUB200 0.2 0.1 41 5 
UNDERFLOW SOLIDS 2-1 12/13/92 TOTAL 0.6 0.3 44 4 49 4 
UNDERFLOW SOLIDS 2-2 12/14/92 TOTAL 0.2 0.2 40 5 41 5 
UNDERFLOW SOLIDS 2-3 12/13/92 TOTAL 0.4 0.3 32 5 38 5 
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QUALITY ASSURANCE/QUALITY CONTROL 
METEOROLOGICAL DATA 

MONSANTO SITE 
SODA SPRINGS, IDAHO 

Installation and initial calibration of the instruments was 
conducted by Technical Environmental Enterprises, Inc. of Aurora, 
Colorado, on October 29, 1987. Routine equipment maintenance and 
calibration has been conducted on a six month interval by Technical 
Environmental Enterprises, Inc. Post-installation calibration 
reports are available for the following dates: 

April 11-12, 1988 
October 10-12, 1988 
April 4-6, 1989 
October 10-11, 1989 
April 16, 1990 
September 17-19, 1990 
March 12, 1991 
July 30, 1991 

The system was judged to be collecting valid data within the limits 
of instrument specifications and to be in compliance with EPA PSD 
requirements from October, 1987, to October, 1988. The maintenance 
and calibration report for April, 1989, notes that minor electronic 
adjustments were made to some of the processors and that the wind 
vane at the 10 meter level was re-aligned to true north. The 
bearings were replaced on both anemometers since their starting 
torque was near the upper limit for obtaining wind speed data below 
1 mph. Replacement of the battery pack was recommended and minor 
electronic drift in the computer A to D converter was noted. The 
drift was judged to be too small to have affected real time data 
and the system was reported to be collecting valid data in 
compliance with all known EPA requirements. 

The battery pack was replaced during the following maintenance 
period in October, 1989, and minor electronic adjustments were made 
to some of the processors; none were reported to be out of 
compliance with EPA specifications. The computer A to D converter 
was calibrated and required no adjustments. The system was 
reported to be collecting data in compliance with all known EPA 
requirements, either for this maintenance period or for the 
subsequent period in April, 1990. 

The routine calibration of the system in September, 1990, reported 
that the anemometer at the 10 meter level was found "locked up" due 
to a froze bearing. Examination of the data record indicates that 
the bearing seized at about 0100 hours on September 15, and was not 
functioning until 0900 on September 18; after the upper bearing in 
the 10 meter level anemometer had been replaced and the entire 
mechanism cleaned and re-assembled. Calibration testing of this 
sensor showed a "like new" condition. New heavy duty anemometer 



cups were installed at both levels because the upper level cup set 
had become split and the lower level set was beginning to look 
border line for continued service. Minor electronic adjustments 
were made to some of the processors; none was out of compliance 
with EPA specifications. The system was reported to be collecting 
data in compliance with all known EPA requirements. 

Technical Environmental Services (TES) Inc. (formerly Technical 
Environmental Enterprises, Inc.) conducted a calibration of the 
MIDAS system components in March 1991. Only minor electronic 
adjustments were required to bring the system into absolute 
compliance with the manufacturer's stated values. No "As Found" 
electronic values were beyond the acceptable range for accurate 
data collection. A minor defect in the temperature-difference card 
(SN 274) was repaired and the card was placed in the spares 
compliment. Tests of the temperature and temperature-difference 
systems were within + 0.2°F. An end-to-end test of the system at 
zero and span values showed that data generated at the tower 
location was being correctly processed and displayed at the PC 
location where the MIDAS display is located. The MIDAS system was 
reported to be collecting data in accordance with EPA standards and 
practices as put forth in its PSD document. 

A calibration of the MIDAS system was also carried out on July 30, 
1991. No serious out-of- tolerance electronic values were 
detected, but the upper level anemometer was not operating due to 
"froze" bearings. Examination of the data record revealed that the 
anemometer had seized on June 24th. The bearings for the upper 
level sensor were replaced and the anemometer returned to service 
after testing to ensure that it met manufacturer's specifications. 
The lower level, 10 meter, anemometer was also removed and its 
bearings replaced as well. An end-to—end test of the system at 
zero and span values showed that the data generated at the tower 
location were being correctly processed and displayed on the MIDAS 
system, and the system was judged to be collecting data in 
accordance with EPA standards and practices as put forth in its PSD 
document. 

Whereas the meteorological system instrumentation has performed 
well over the period of operations, the recording system on the IBM 
PC has experienced significant difficulties with respect to data 
storage on the computer disk drive. Substantial periods of the 
data record have been irretrievably lost. There was insufficient 
data to compute seasonal averages for the period January to 
September, 1988, as well as for January to March 1989, and October 
to December, 1989. The 1990 data set was essentially complete, 
with a total of only 41 missing hours (<0.5%). In addition, there 
were 81 hours of missing wind speed data for the 10 meter level 
anemometer due to the seized bearing referred to above. The 
complete 1991 data set was not yet available when the modeling 
study was initiated. Therefore, the 1990 data set was the most 
suitable for use in dispersion modeling assessment. The 41 hours 



of missing data were replaced using the EPA recommended methods as 
described in EPA (1990). The 81 hours of missing wind speed data 
during the period of seized bearings (September 15-18) was treated 
as calms (i.e. 1 m/s wind speed), and thus would tend to 
overestimate actual predicted concentrations during this period. 

In order to test the quality of the data set, the 1990 data were 
evaluated using the EPA's Meteorological Processor for Regulatory 
Models (MPRM-1.2). The MPRM program is a general purpose computer 
processor for screening and organizing raw meteorological data into 
a format suitable for use by EPA approved guideline models. An 
unique feature of the processor is the ability to accept and 
perform quality assessment of user-collected meteorological data as 
well as data routinely collected by the National Weather Service. 
The MPRM-1.2 will support the following dispersion models: 

• those requiring RAMMET formatted data such as BLP, RAM, 
ISCST, MPTER, CRSTER and COMPLEX1; 

• those requiring STAR formatted data such as CDM, ISCLT 
and VALLEY; and 

• those requiring special formats such as CALINE 3 and RTDM 
(default). 

The MPRM program is essentially a three stage system. The first 
stage retrieves the meteorological data from the computer file and 
processes the data through various quality assessment checks. The 
second stage collects the data available for a 24-hour period (eg. 
upper air observations, hourly surface observations, etc.) and 
stores these data in a combined (merged) format. The third stage 
reads the merged meteorological data and performs the necessary 
processing to prepare a meteorological data file suitable for use 
with the specific dispersion model being used. 

MPRM-1.2 testing of the 1990 data set from the Monsanto station 
revealed that there were a total of 758 (8.65%) violations of the 
upper bound limit of acceptable values for standard deviation of 
the wind direction (used in calculating atmospheric stability 
classes) at the 10 meter level, and 599 violations (6.84%) of the 
upper bound standard deviation limit for the 37 meter level. There 
were no violations of the wind direction sensor at either level, 
but 101 and 99 violations (1.15% and 1.13%) of the lower bound 
limit for the wind speed at the 10 meter and 37 meter levels, 
respectively. There were also a total of 29 violations of the 
lower bound limit (i.e., <-30°C) of the temperature sensor at the 
10 meter level which occurred from 2400 hrs on December 21 to 1200 
on December 22, from 0300 hrs to 1000 hrs on December 23, and from 
2200 hrs on December 29 to 0500 on December 30. The MPRM-1.2 audit 
trail also lists a large number of violations (6063 hrs) for the 
temperature difference (AT) values. However, this is an erroneous 
assessment because the MPRM-1.2 program is designed to evaluate 
data from 10 meter towers, and the AT for the Monsanto data between 



the 10 meter and 37 meter heights will naturally exceed the AT 
normally expected for a 10 meter tower• Since these data were not 
used in computing atmospheric stability classes, the lack of 
quality assurance testing by the MPRM-1.2 program on the AT data is 
not relevant. 

Therefore, for the 10 meter level data used in dispersion modeling 
the MPRM-1.2 assessment of the data quality is as follows: 

parameter  % accepted cmprm-l .2)  

Standard deviation of 
wind direction 91.35 

Temperature 99.67 

Wind Direction 100.0 

Wind Speed 98.85 

A copy of the MPRM-1.2 audit for the 1990 data set is attached. 
With the 81 hours of missing wind speed data caused by the seized 
bearing, the percentage of acceptable wind speed data would be 
97.93%. However, these data were treated as calms, and were 
included in the modeling computations. 
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April 23,1992 913-1101.212 

TABLE E-1 

AVERAGE ANNUAL TSP CONCENTRATIONS 0/g/nrP) 

Discrete Receptors Source Slag Source Source 

Coordinates Group 1 Dumping Group 2 Group 3 FDM Total 

Easting (m) Northing (m) TSP TSP TSP TSP TSP TSP 

450550 4725235 0.35 0.05 0.15 1.59 1.05 3.14 

451975 4724880 1.92 0.55 0.87 6.58 10.26 19.63 

452220 4724880 1.15 0.21 0.57 4.32 5.00 11.04 

452135 4724610 1.22 0.29 0.56 4.90 4.82 11.49 

452200 4724150 1.00 0.28 0.40 4.20 2.90 8.51 

453730 4728135 0.31 0.04 0.08 1.25 0.36 2.00 

451440 4723255 1.10 0.34 0.36 4.63 2.21 8.31 

451200 4722255 0.82 0.21 0.24 3.53 1.23 5.82 

450710 4721855 0.76 0.18 0.21 3.27 1.05 5.29 

450805 4723000 1.07 0.31 0.33 4.53 1.86 7.79 

449762 4728714 0.46 0.05 0.08 1.46 0.37 2.38 

451523 4724809 3.06 1.64 0.98 8.55 11.88 24.47 

450250 4722283 0.81 0.18 0.23 3.63 1.14 5.81 

454756 4731024 0.18 0.02 0.04 0.69 0.15 1.06 

454000 4732300 0.20 0.02 0.04 0.74 0.14 1.13 

452075 4723300 0.87 0.22 0.30 3.85 1.96 7.00 

453930 4726815 0.33 0.04 0.10 1.46 0.38 2.27 

455600 4727000 0.15 0.02 0.03 0.57 0.12 0.87 

455425 4728250 0.20 0.02 0.04 0.73 0.15 1.12 

454390 4732500 0.18 0.02 0.03 0.66 0.13 1.00 

454950 4732340 0.16 0.02 0.03 0.58 0.11 0.88 

451450 4732695 0.30 0.03 0.06 1.05 0.21 1.62 

450390 4732610 0.30 0.03 0.05 1.01 0.19 1.56 

449290 4732270 0.30 0.03 0.05 0.97 0.19 1.51 

449850 4730725 0.42 0.04 0.07 1.35 0.30 2.14 

451250 4730725 0.45 0.05 0.09 1.57 0.37 2.49 

451085 4730300 0.50 0.05 0.10 1.73 0.44 2.77 

449000 4729250 0.31 0.04 0.05 0.97 0.22 1.55 

449875 4726200 0.13 0.05 0.05 0.50 0.38 1.06 

449750 4727650 0.37 0.06 0.07 1.19 0.36 1.99 

450560 4725650 0.23 0.07 0.08 0.57 0.85 1.73 

450675 4724660 0.85 0.14 0.32 3.62 1.70 6.48 

452258 4724935 1.05 0.15 0.55 3.95 4.78 10.33 

452538 4726026 0.56 0.16 0.17 0.98 5.26 6.96 

451368 4726164 1.08 0.44 0.26 0.86 5.10 7.30 

452133 4727026 1.24 0.16 0.53 6.46 10.30 18.53 

Note: Total = Source Group 1 «• Source Group 2 + Source Group 3 + FDM 

Source Group 1 - Permitted sources, plus slag dumping 
Source Group 2 - Baghouses/furnace building fugitives 
Source Group 3 - Nodule reclaim area 
FDM - Roads/material handling operations/wind erosion 



April 23,1992 
913-1101.212 

TABLE E-g 

AVERAGE ANNUAL PM10 CONCENTRATIONS Cpg/ma) 

Note: Total - Source Group 1 + Source Group 2 • Source Group 3 • FDM 

Source Group 1 - Permitted sources, plus slag dumping 
Source Group 2 - Baghouses/furnace building fugitives 
Source Group 3 - Nodule reclaim area 

FDM - Roads/material handling operations/wind erosion 



April 23.1992 913-1101. 

TABLE E-3 

ANNUAL CADMIUM CONCENTRATIONS (/vg/m») 

Discrete Receptors Source Slag Source Source 
Coordinates Group 1 Dumping Group 2 Group 3 FDM Total 

Easting (m) Northing (m) Cadmium Cadmium Cadmium Cadmium Cadmium Cadmium 

450550 4725235 0.0043 0.0000 0.0000 0.0000 0.00007 0.00437 
451975 4724880 0.0098 0.0000 0.0003 0.0000 0.00039 0.01049 
452220 4724880 0.0074 0.0000 0.0002 0.0000 0.00033 0.00793 
452135 4724610 0.0089 0.0000 0.0002 0.0000 0.00027 0.00937 
452200 4724150 0.0092 0.0000 0.0001 0.0000 0.00018 0.00948 
453730 4728135 0.0055 0.0000 0.0000 0.0000 0.00003 0.00553 
451440 4723255 0.0132 0.0000 0.0001 0.0000 0.00012 0.01342 
451200 4722255 0.0122 0.0000 0.0001 0.0000 0.00007 0.01237 
450710 4721855 0.0122 0.0000 0.0001 0.0000 0.00006 0.01236 
450805 4723000 0.0144 0.0000 0.0001 0.0000 0.00010 0.01460 
449762 4728714 0.0074 0.0000 0.0000 0.0000 0.00002 0.00742 
451523 4724809 0.0137 0.0000 0.0003 0.0000 0.00037 0.01437 
450250 4722283 0.0137 0.0000 0.0001 0.0000 0.00007 0.01387 
454756 4731024 0.0037 0.0000 0.0000 0.0000 0.00001 0.00371 
454000 4732300 0.0040 0.0000 0.0000 0.0000 0.00001 0.00401 
452075 4723300 0.0106 0.0000 0.0001 0.0000 0.00011 0.01081 
453930 4726815 0.0044 0.0000 0.0000 0.0000 0.00002 0.00442 
455600 4727000 0.0023 0.0000 0.0000 0.0000 0.00001 0.00231 
455425 4728250 0.0041 0.0000 0.0000 0.0000 0.00001 0.00411 
454390 4732500 0.0036 0.0000 • 0.0000 0.0000 0.00001 0.00361 
454950 4732340 0.0033 0.0000 0.0000 0.0000 0.00001 0.00331 
451450 4732695 0.0055 0.0000 0.0000 0.0000 0.00002 0.00552 
450390 4732610 0.0054 0.0000 0.0000 0.0000 0.00002 0.00542 
449290 4732270 0.0052 0.0000 0.0000 0.0000 0.00001 0.00521 
449850 4730725 0.0071 0.0000 0.0000 0.0000 0.00002 0.00712 
451250 4730725 0.0076 0.0000 0.0000 0.0000 0.00003 0.00763 
451085 4730300 0.0084 0.0000 0.0000 0.0000 0.00004 0.00844 
449000 4729250 0.0051 0.0000 0.0000 0.0000 0.00001 0.00511 
449875 4726200 0.0007 0.0000 0.0000 0.0000 0.00002 0.00072 
449750 4727650 0.0054 0.0000 0.0000 0.0000 0.00002 0.00542 
450560 4725650 0.0022 0.0000 0.0000 0.0000 0.00005 0.00225 
450675 4724660 0.0112 0.0000 0.0001 0.0000 0.00011 0.01141 
452258 4724935 0.0068 0.0000 0.0002 0.0000 0.00034 0.00734 
452538 4726026 0.0025 0.0000 0.0000 0.0000 0.00051 0.00301 
451368 4726164 0.0049 0.0000 0.0001 0.0000 0.00021 0.00521 
452133 4727026 0.0114 0.0000 0.0002 0.0000 0.00289 0.01449 

Note: Total = Source Group 1 + Source Group 2 + Source Group 3 * FDM 

Source Group 1 - Permitted sources, plus slag dumping 
Source Group 2 - Baghouse/furnace building fugitives 
Source Group 3 - Nodule Reclaim Area 
FDM - Roads/material handling operations/wind erosion 
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TABLE E-4 

ANNUAL FLUORIDE CONCENTRATIONS Org/m*) 

Discrete Receptors 
Coordinates 

Source 
Group 1 
Fluoride 

Slag 
Dumping 
Fluoride 

Source 
Group 2 
Fluoride 

Source 
Group 3 
Fluoride 

FDM 
Fluoride 

Total 
Fluoride Easting (m) Northing (m) 

Source 
Group 1 
Fluoride 

Slag 
Dumping 
Fluoride 

Source 
Group 2 
Fluoride 

Source 
Group 3 
Fluoride 

FDM 
Fluoride 

Total 
Fluoride 

450550 4725235 0.0712 0.0135 0.0030 0.0256 0.00844 0.10824 

451975 4724880 0.5290 0.1368 0.0179 0.1177 0.06639 0.73099 

452220 4724880 0.3012 0.0525 0.0114 0.0758 0.04156 0.42996 

452135 4724610 0.3156 0.0715 0.0111 0.0797 0.03699 0.44339 

452200 4724150 0.2403 0.0688 0.0082 0.0601 0.02332 0.33192 

453730 4728135 0.0456 0.0099 0.0017 0.0122 0.00327 0,06277 

451440 4723255 0.2382 0.0849 0.0078 0.0557 0.01643 0.31813 

451200 4722255 0.1574 0.0510 0.0053 0.0380 0.00961 0.21031 

450710 4721855 0.1391 0.0439 0.0047 0.0338 0.00798 0.18558 

450805 4723000 0.2190 0.0772 0.0072 0.0517 0.01368 0.29158 

449762 4728714 0.0531 0.0132 0.0017 0.0143 0.00299 0.07209 

451523 4724809 0.8066 0.4046 0.0206 0.1466 0.06940 1.04320 

450250 4722283 0.1441 0.0440 0.0051 0.0381 0.00863 0.19593 

454756 4731024 0.0215 0.0047 0.0008 0.0061 0.00130 0.02970 

454000 4732300 0.0242 0.0052 0.0008 0.0069 0.00126 0.03316 

452075 4723300 0.1898 0.0546 0.0063 0.0473 0.01448 0.25788 

453930 4726815 0.0521 0.0109 0.0019 0.0142 0.00336 0.07156 

455600 4727000 0.0214 0.0059 0.0007 0.0051 0.00087 0.02807 

455425 4728250 0.0239 0.0049 0.0009 0.0065 0.00140 0.03270 

454390 4732500 0.0216 0.0046 0.0007 0.0062 0.00111 0.02961 

454950 4732340 0.0181 0.0039 0.0006 0.0051 0.00099 0.02479 

451450 4732695 0.0339 0.0074 0.0012 0.0097 0.00184 0.04664 

450390 4732610 0.0325 0.0071 0.0011 0.0085 0.00169 0.04379 

449290 4732270 0.0319 0.0068 0.0011 0.0074 0.00162 0.04202 

449850 4730725 0.0447 0.0098 0.0015 0.0103 0.00257 0.05907 

451250 4730725 0.0509 0.0113 0.0019 0.0148 0.00336 0.07096 

451085 4730300 0.0563 0.0125 0.0021 0.0158 0.00393 0.07813 

449000 4729250 0.0365 0.0090 0.0011 0.0101 0.00180 0.04950 

449875 4726200 0.0324 0.0117 0.0010 0.0078 0.00297 0.04417 

449750 4727650 0.0491 0.0146 0.0014 0.0123 0.00270 0.06550 

450560 4725650 0.0510 0.0172 0.0014 0.0104 0.00639 0.06919 

450675 4724660 0.1780 0.0346 0.0070 0.0526 0.01407 0.25167 

452258 4724935 0.2737 0.0382 0.0110 0.0702 0.04071 0.39561 

452538 4726026 0.1378 0.0385 0.0032 0.0207 0.04452 0.20622 

451368 4726164 0.2805 0.1096 0.0051 0.0421 0.03201 0.35971 

452133 4727026 0.2182 0.0404 0.0102 0.1054 0.13433 0.46813 

Note: Total - Source Group 1 + Source Group 2 + Source Group 3 + FDM 

Source Group 1 - Permitted Sources, plus slag dumping 
Source Group 2 - Baghouses/furnace building fugitives 
Source Group 3 - Nodule Reclaim Area 
FDM - Roads/material handling operations/wind erosion 
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TABLE E-5 

SECOND HIGHEST 24-HOUR TSP CONCENTRATIONS fc/g/m3) 

Discrete Receptors Source Source Source 

Coordinates Group 1 Group 2 Group 3 FDM 

Easting(m) Northing (m) TSP TSP TSP TSP 

450550 4725235 2.62 1.25 24.16 2.62 

451975 4724880 6.37 3.66 70.42 16.17 

452220 4724880 5.57 3.01 75.57 9.55 

452135 4724610 6.24 2.18 54.36 10.34 

452200 4724150 5.17 1.70 40.47 7.28 

453730 4728135 2.38 1.26 17.38 2.42 

451440 4723255 4.61 1.55 33.02 5.43 

451200 4722255 3.32 1.08 25.93 3.37 

450710 4721855 3.62 1.16 26.22 3.12 

450805 4723000 6.18 2.09 42.78 5.48 

449762 4728714 3.90 0.94 25.19 0.60 

451523 4724809 15.40 4.95 92.70 27.46 

450250 4722283 4.95 1.60 36.94 3.53 

454756 4731024 1.78 0.51 10.66 0.83 

454000 4732300 1.80 0.41 10.98 0.79 

452075 4723300 3.73 1.29 27.49 3.72 

453930 4726815 3.64 1.32 31.88 2.01 

455600 4727000 1.81 0.78 15.40 0.76 

455425 4728250 2.25 1.22 23.51 1.06 

454390 4732500 1.85 0.37 10.21 0.69 

454950 4732340 1.38 0.30 9.01 0.66 

451450 4732695 2.02 0.48 11.29 0.41 

450390 4732610 1.81 0.39 9.23 0.29 

449290 4732270 1.53 0.35 9.67 0.23 

449850 4730725 2.05 0.43 12.33 0.34 

451250 4730725 3.06 0.61 13.85 0.61 

451085 4730300 2.90 0.61 15.14 0.62 

449000 4729250 3.22 0.84 17.78 0.35 

449875 4726200 1.04 0.61 17.51 1.35 

449750 4727650 1.71 0.52 15.64 0.81 

450560 4725650 3.22 0.96 16.98 3.53 

450675 4724660 3.96 2.10 43.19 6.67 

452258 4724935 6.48 3.10 65.23 9.01 

452538 4726026 6.88 2.66 37.81 8.34 

451368 4726164 3.90 0.88 30.25 12.38 

452133 4727026 6.11 3.67 104.71 17.84 

Source Group 1 - Permitted sources/slag dumping 
Source Group 2 - Baghouses/furnace building fugitives 
Source Group 3 - Nodule reclaim area 
FDM - Roads/material handling operations/wind erosion 
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TABLE E-6 

SECOND HIGHEST 24-HOUR PM10 CONCENTRATION fc/g/m') 

Discrete Receptors 
Coordinates 

Source 
Group 1 

Source 
Group 2 
PM10 

Source 
Group 3 
PM10 

FDM 
PM10 Easting (m) Northing (m) PM10 

Source 
Group 2 
PM10 

Source 
Group 3 
PM10 

FDM 
PM10 

450550 4725235 2.31 0.89 11.46 1.80 
451975 4724880 5.04 2.19 34.51 9.79 
452220 4724880 4.22 1.87 36.82 6.73 
452135 4724610 4.29 1.40 26.73 6.40 
452200 4724150 3.46 1.09 19.71 4.56 
453730 4728135 1.59 0.85 8.55 1.74 
451440 4723255 3.02 0.95 16.11 3.54 
451200 4722255 2.16 0.67 12.73 2.23 
450710 4721855 2.50 0.69 12.86 2.08 
450805 4723000 4.26 1.26 21.05 3.56 
449762 4728714 2.27 0.56 12.31 0.39 
451523 4724809 11.06 3.08 45.32 16.32 
450250 4722283 3.35 0.95 18.18 2.37 
454756 4731024 1.07 0.34 5.25 0.60 
454000 4732300 1.14 0.27 5.37 0.57 
452075 4723300 2.51 0.79 13.41 2.27 
453930 4726815 2.32 0.85 15.63 1.35 
455600 4727000 1.23 0.47 7.55 0.48 
455425 4728250 1.74 0.70 11.51 0.80 
454390 4732500 1.07 0.23 5.03 0.50 
454950 4732340 0.79 0.21 4.43 0.48 
451450 4732695 0.98 0.32 5.54 0.29 
450390 4732610 0.97 0.26 4.53 0.21 
449290 4732270 0.80 0.23 4.72 0.16 
449850 4730725 1.16 0.30 6.04 0.25 
451250 4730725 1.60 0.37 6.75 0.43 
451085 4730300 1.46 0.41 7.42 0.44 
449000 4729250 1.81 0.54 8.60 0.25 
449875 4726200 0.78 0.42 8.54 0.95 
449750 4727650 1.14 0.33 7.70 0.55 
450560 4725650 1.53 0.66 8.34 2.09 
450675 4724660 3.25 1.38 20.93 4.73 
452258 4724935 4.12 2.00 32.15 6.49 
452538 4726026 5.51 1.38 18.72 5.62 
451368 4726164 3.55 0.57 14.76 9.30 
452133 4727026 4.44 2.50 51.32 14.01 

Source Group 1 - Paimltted sources/slag dumping 
Source Group 2 - Baghouses/furnace building fugitives 
Source Group 3 - Nodule reclaim area 
FDM - Roads/material handling operations/wind erosion 
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TABLE E-7 

SECOND HIGHEST 24-HOUR CADMIUM CONCENTRATIONS Owg/ma) 

Discrete Receptors Source Source Source 
Coordinates Group 1 Group 2 Group 3 FDM 

Easting (m) Northing (m) Cadmium Cadmium Cadmium Cadmium 
450550 4725235 0.0234 0.0003 0.0000 0.0002 
451975 4724880 0.0845 0.0014 0.0001 0.0008 
452220 4724880 0.1165 0.0010 0.0001 0.0006 
452135 4724610 0.0917 0.0008 0.0001 0.0005 
452200 4724150 0.0858 0.0006 0.0001 0.0003 
453730 4728135 0.0583 0.0003 0.0000 0.0003 
451440 4723255 0.0678 0.0005 0.0001 0.0003 
451200 4722255 0.0611 0.0004 0.0000 0.0002 
450710 4721855 0.0587 0.0004 0.0000 0.0002 
450805 4723000 0.0653 0.0008 0.0001 0.0003 
449762 4728714 0.1106 0.0004 0.0000 0.0000 
451523 4724809 0.0719 0.0017 0.0002 0.0011 
450250 4722283 0.0772 0.0006 0.0001 0.0002 
454756 4731024 0.0329 0.0002 0.0000 0.0001 
454000 4732300 0.0415 0.0001 0.0000 0.0001 
452075 4723300 0.0594 0.0005 0.0001 0.0002 
453930 4726815 0.0651 0.0005 0.0001 0.0001 
455600 4727000 0.0338 0.0003 0.0000 0.0000 
455425 4728250 0.0447 0.0005 0.0000 0.0001 
454390 4732500 0.0422 0.0001 0.0000 0.0001 
454950 4732340 0.0332 0.0001 0.0000 0.0001 
451450 4732695 0.0303 0.0001 0.0000 0.0000 
450390 4732610 0.0293 0.0001 0.0000 0.0000 
449290 4732270 0.0297 0.0001 0.0000 0.0000 
449850 4730725 0.0377 0.0001 0.0000 0.0000 
451250 4730725 0.0502 0.0002 0.0000 0.0000 
451085 4730300 0.0454 0.0002 0.0000 0.0001 
449000 4729250 0.0507 0.0003 0.0000 0.0000 
449875 4726200 0.0146 0.0002 0.0000 0.0002 
449750 4727650 0.0259 0.0002 0.0000 0.0001 
450560 4725650 0.0174 0.0003 0.0000 0.0001 
450675 4724660 0.0519 0.0006 0.0001 0.0006 
452258 4724935 0.1372 0.0010 0.0001 0.0007 
452538 4726026 0.0656 0.0014 0.0001 0.0011 
451368 4726164 0.0265 0.0005 0.0001 0.0007 
452133 4727026 0.1205 0.0010 0.0002 0.0035 

Source Group 1 - Permitted sources/slag dumping 
Source Group 2 - Baghouses/furnace building fugitives 
Source Group 3 - Nodule reclaim area 
FDM - Roads/material handling operations/wind erosion 



TABLE E-8 

SECOND HIGHEST 24-HOUR FLUORIDE CONCENTRATIONS O /̂m*) 

Discrete Receptors Source Source Source 
Coordinates Group 1 Group 2 Group 3 FDM 

Easting (m) Northing (m) Fluoride Fluoride Fluoride Fluoride 
450550 4725235 0.7500 0.0210 0.1728 0.0181 
451975 4724880 1.8450 0.0819 0.5038 0.1121 
452220 4724880 1.4069 0.0611 0.5407 0.0889 
452135 4724610 1.1880 0.0462 0.3890 0.0717 
452200 4724150 1.0082 0.0358 0.2896 0.0519 
453730 4728135 0.5505 0.0217 0.1244 0.0212 
451440 4723255 0.9138 0.0326 0.2363 0.0427 
451200 4722255 0.6486 0.0234 0.1856 0.0268 
450710 4721855 0.7350 0.0250 0.1876 0.0247 
450805 4723000 1.3969 0.0451 0.3061 0.0419 
449762 4728714 0.5176 0.0207 0.1803 0.0048 
451523 4724809 4.4551 0.1011 0.6633 0.1766 
450250 4722283 0.9495 0.0357 0.2644 0.0290 
454756 4731024 0.2728 0.0104 0.0763 0.0075 
454000 4732300 0.2151 0.0076 0.0786 0.0071 
452075 4723300 0.7440 0.0284 0.1967 0.0266 
453930 4726815 0.8264 0.0290 0.2281 0.0201 
455600 4727000 0.3939 0.0161 0.1102 0.0055 
455425 4728250 0.5387 0.0294 0.1682 0.0101 
454390 4732500 0.2133 0.0078 0.0731 0.0062 
454950 4732340 0.1748 0.0059 0.0645 0.0060 
451450 4732695 0.2209 0.0087 0.0808 0.0036 
450390 4732610 0.2024 0.0076 0.0660 0.0027 
449290 4732270 0.1612 0.0063 0.0692 0.0020 
449850 4730725 0.2033 0.0076 0.0882 0.0031 
451250 4730725 0.3428 0.0137 0.0991 0.0053 
451085 4730300 0.3716 0.0142 0.1084 0.0056 
449000 4729250 0.3246 0.0164 0.1272 0.0032 
449875 4726200 0.2900 0.0126 0.1253 0.0145 
449750 4727650 0.4640 0.0117 0.1119 0.0080 
450560 4725650 0.5627 0.0184 0.1216 0.0257 
450675 4724660 1.0657 0.0392 0.3090 0.0623 
452258 4724935 1.1794 0.0596 0.4667 0.0929 
452538 4726026 2.3645 0.0721 0.2705 0.0948 
451368 4726164 1.0858 0.0275 0.2164 0.1476 
452133 4727026 1.6531 0.0626 0.7493 0.2584 

Source Group 1 - Permitted sources/slag dumping 
Source Group 2 - Baghouses/furnace building fugitives 
Source Group 3 - Nodule reclaim area 
FDM - Roads/material handling operations/wind erosion 
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A stack sampling program was conducted at the Monsanto plant during the period August 9-16, 
1994. Samples were collected from the following sources: 

The THFC sampling results also affect the estimated emissions for furnace building fugitives 
and for slag disposal operations on the slag stockpile. 

Tables 1 through 3 list the re-calculated emission rates for these sources based on the new 
sampling data, as well as the Phase IIRI emission rates used in dispersion modelling for 
comparison. The results are discussed below. Note that the trace metal analysis did not include 
vanadium and molybdenum. 

Kiln Cooler Spray Tower (Table 1) - Trace metal analysis indicated significantly higher 
emissions of arsenic (As), cadmium (Cd), silver (Ag) and zinc (Zn). Emissions of manganese 
(Mn) were as expected, and beryllium (Be) was below detection limits. 

Emissions of the non-volatile radionuclides radium-226 (Ra-226), thorium-230 (Th-230), 
uranium-234 (U-234) and uranium-238 (U-238) were as expected, but emissions of lead-210 (Pb-
210) and polonium-210 (Po-210) were significantly underestimated in the Phase II RI for this 
source. 

Fluoride emissions have been previously measured for this source, and therefore were not 
included in the sampling program 

Nodule Crushing/Screening Scrubber (Table 1) - Trace metal emissions were generally lower 
than estimated for the Phase II RI, except for the Zn emissions. In fact, emissions of As, Be, Cd, 
and Ag were below detection limits. 

Similarly, emissions of Po-210, Th-230, U-234 and U-238 were much lower than estimated for 
the Phase II RI, while Ra-226 emissions were as expected. Only Pb-210 emissions were 
significantly higher than expected. 

Taphole Fume Collectors (Table 1) - Emissions of As and Ag were higher than expected, while 
emissions of Cd were lower than expected. Be was below detection limits, while Mn and Zn 
were about the same as estimated for the Phase II RI. 

Emissions of the non-volatile radionuclides were determined to be low, similar to the estimated 
emissions used for the Phase II RI. Emissions of Po-210 were somewhat lower than expected, 
while emissions of Pb-210 were slightly higher. However, both Po-210 and Pb-210 were within 
a factor 2 of anticipated emission rates. 

kiln cooler spray tower (KCST) 
nodule crushing and screening 
scrubber (NCSS) 
taphole fume collector #7 (THFC) 

trace metal and radionuclide analysis 
trace metal and radionuclide analysis 

taphole fume collectors #8 & 9 
kiln venturi scrubbers (KVS) 

trace metal, radionuclide analysis and 
fluoride analysis 
fluoride analysis 
radionuclide analysis 
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The measured fluoride emissions for all three THFC's were much lower than has been 
historically reported by Monsanto. 

Furnace Building Fugitives (Table 2) - The new sampling data for the THFC's was used to re
calculate fugitive emissions from the furnace building. The results indicate somewhat higher 
emissions of As and Ag than had previously been estimated, and somewhat lower fluoride 
emissions. Pb-210 emissions are slightly higher, while Po-210 are slightly lower. However, in 
general, radionuclide emissions are similar to those which were used in the Phase IIRI. 

Hot Slae Disposal (Table 2) - The new sampling data for the THFC's was also used to re
calculate fugitive emissions from the slag disposal operations. Previously, these emissions were 
based on the concentrations of trace constituents in the cold slag from source sampling. 

Trace metal emissions of As, Ag and Zn are significantly higher than previously estimated. In 
the case of Zn, the new emission estimates are three orders of magnitude higher than was used 
in the Phase II RI. Emissions of Be are lower than expected, while emissions of Cd are 
essentially unchanged. 

Emissions of the non-volatile radionuclides are somewhat lower than previously estimated, but 
the difference is less than a factor of 2. On the other hand, emissions of both Po-210 and Pb-210 
are much higher than previously estimated. 

Emissions of fluoride are significantly lower than previously determined, in line with the lower 
emissions from the THFC's and the furnace building fugitives. 

Kiln Venturi Scrubbers (Table 3) - Trace metal and fluoride emissions have been previously 
measured for these four stacks and were not included in the new stack sampling program 

Estimated emissions of Po-210 and the non-volatile radionuclides were as anticipated, while 
emissions of Pb-210 were about 50% higher than previously estimated. 

The significance of these changes in emissions for predicted ambient concentrations is 
summarized in Table 4. The new stack sampling data indicate that the greatest 
underestimations in emissions in the Phase II RI were for As, Zn, Pb-210 and Po-210. The 
highest overestimations in emissions were for fluorides. Table 4 lists the predicted factor 
increases and decreases in ambient concentrations for the discrete off-site receptors used in the 
risk assessment. 

Overall, concentrations of As, Zn and Pb-210 would increase from a factor of less than 2 to about 
four times the predicted concentrations presented in the Phase II RI modelling results. The 
maximum estimated increase in Po-210 concentrations would be about 30%. 

Decreases in predicted ambient concentrations of fluoride would range from about 20% to 
about one-third of previously reported concentrations. The largest decreases in predicted 
concentrations would be south of the facility. 

Golder Associates 
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Based on the new stack sampling data, all of the sources at the facility are now well 
characterized for trace constituent emissions. Numerically, the predicted ambient 
concentrations presented in the Phase IIRI report may be under or over-estimated by up to a 
factor four at some receptor sites, and much less at most locations. 

Table 1: Comparison of Trace Constituent Emission Rates Used in the Phase II RI 
Dispersion Modelling with New Stack Testing Data 

Annual Average Emission Rates (tonnes/yr or Ci/yr) 

Kiln Cooler Spray Nodule Taphole Fume Collectors (3) 
Tower Crushing/Screening 

Scru >ber 

Trace Phase II New Phase II RI New Data Phase II RI Phase II RI New Data1 

Constituents RI Data 1990/91 1990 1991 
1990/91 

As 0.0001 0.0314 0.0005 ND 0.0001 0.0001 0.0023 

Be 0.0001 ND 0.0004 ND 0.0001 0.0001 ND 
Cd 0.0002 0.0145 0.0006 ND 0.0030 0.0040 0.0004 

Mn 0.0017 0.0018 0.0073 0.0020 0.0052 0.0070 0.0100 

Ag 0.0001 0.0047 0.0006 ND 0.0001 0.0002 0.0046 
V 0.0311 NM 0.1328 NM 0.0109 0.0146 NM 

Zn 0.0161 2.0122 0.0688 2.24 0.9534 12855 0.8340 

Mo 0.0008 NM 0.0035 NM 0.0001 0.0001 NM 

F 0.9 NM 3.1 NM 8.0 8.0 02 

Pb-210 0.0001 0.0365 0.0005 0.0227 0.0062 0.0083 0.0165 
Po-210 0.0001 0.0804 0.0005 0.0007 0.0037 0.0050 0.0028 
Ra-226 0.0010 0.0012 0.0042 0.0038 0.0004 0.0006 0.0007 
Th-230 0.0012 0.0007 0.0053 0.0004 0.0004 0.0005 0.0008 
U-234 0.0010 0.0014 0.0041 0.0006 0.0003 0.0004 0.0005 

U-238 0.0010 0.0017 0.0043 0.0007 0.0004 0.0005 0.0007 

Notes: 
ND - Not Detected 
NM - Not Measured 

1 Trace metals and fluoride based on sampling for THFC's #7, #8, & #9; radionuclides based on 
sampling for THFC #7 (x 3 to get annual emission rate for all three furnaces) 
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Table 2: Comparison of Trace Constituent Emission Rates in the Phase II RI Dispersion 
Modelling with Estimates Based on New Stack Testing Data 

Annual Average Emission Rates (tonnes/yr or Ci/yr) 

Furnace Building Fugitives Hot Slag Disposal 

Trace Phase II RI New Data1 Phase II RI New Data1 

Constituents 1990 1990/91 

As 222E-5 736E-4 3.81E-4 2.44E-2 
Be 2.08E-5 ND 2.63E-3 ND 
Cd 9.09E-4 1.23E-4 4.86E-3 4.12E-3 
Mn 1.60E-3 3.19E-3 2.01E-2 1.06E-1 
Ag 4.33E-5 1.47E-3 4J56E-4 4.89E-2 
V 333E-3 NM 1.00E-1 NM 

Zn 2.91E-1 2.68E-1 3.52E-3 8.88 
Mo 1.87E-5 NM 4.69E-4 NM 

F 1.7 0.06 31.0 2.1 

Pb-210 0.0019 0.0044 0.0010 0.1470 
Po-210 0.0011 0.0007 0.0009 0.0250 
Ra-226 0.0001 0.0002 0.0106 0.0059 
Th-230 0.0001 0.0002 0.0103 0.0071 
U-234 0.0001 0.0001 0.0088 0.0048 
U-238 0.0001 0.0002 0.0092 0.0061 

Notes: 
ND - Not Detected 
NM - Not Measured 

* Trace constituents based on emission rates measured during furnace tapping operations at taphole 
fume collectors. 
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Table 4: Effect of New Stack Emission Data on Predicted Ambient Concentrations at 
Discrete Receptor Sites 

Impact on Phase IIRI Predicted Annual Average Ambient Concentrations 

Factor Increase Factor 
Decrease 

Discrete 
Receptor Sites 

As Zn Pb-210 Po-210 F 

#1 1.72 1.88 1.96 1.07 1.74 

#2 2.86 3.63 335 132 239 

#6 3.63 3.90 234 1.14 231 

#10 1.68 3.98 3.81 1.17 2.88 

#12 2.91 3.91 4 37 131 2.80 

#16 3.44 3.12 339 1.17 2.73 

#36 136 139 1.18 1.02 130 

Golder Associates 
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Table 3: Comparison of Trace Constituent Emission Rates in the Phase II RI Dispersion 
Modelling with Estimates Based on New Stack Testing Data 

Annual Average Emission Rates (tonnes/yr or Ci/yr) 

Trace Constituents 

Kiln Venturi Scrubbers 

Trace Constituents Phase II RI 
1990/91 

New Data 

As 0.0578 NM 
Be 0.0051 NM 
Cd 0.9985 NM 
Mn 0.7318 NM 
Ag 0.0092 NM 
V 0.0356 NM 

Zn 2.0084 NM 
Mo 0.0392 NM 

F 2.7 NM 

Pb-210 0.0604 0.0942 
Po-210 0.2487 0.2193 
Ra-226 0.0007 0.0012 
Th-230 0.0005 0.0006 
U-234 0.0011 0.0010 
U-238 0.0007 0.0013 

Notes: 
NM - Not Measured 

»A?13-1101 j60SVH15mca/ioc 
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jttOLDEB ASSOCIATES INC., REDMOND, WA 
•blSTORE CONTENT CALCULATION SHEET 
liSTM D-2216 

PROJECT: 
PROJ. NO: 
DATE: 
TECH : 
REVIEW: 

MONSANTO/RI/FS/ID 
913-1101.203 
11/19/91 
BA 

BORING NO. WET WT. DRY WT. TARE WT. TARE MOISTURE 
(g) (g) (g) NO. (%) 

SODA-N 300.82 258. ,72 69.01 5 22.2 
SODA-S 404.71 318. .19 106.75 X 40.9 
OUTFLOW 273.69 123. ,39 94.93 20 528.1 
UP-NEAR 360.55 220. .90 75.59 32 96.1 
UP-MIDDLE 398.35 273. ,81 75.91 OH 62.9 
UP-FAR 320.97 173. ,88 70.78 4 OA 142.7 



SAMPLE SPPfl- M 

Pycnometer number LCZOZ 

Temperature at weighings (®C) 6 ll-D'C 

Weight flask + soil + water (W^) b$o-$? 

Weight flask + water (Wa) to?i- n 

(Wa-Wb) - Zb 9o 

Evaporating dish number /* 
Weight dish + dry soil M-$! 

Weight dish 109-3 9 

Weight dry soil (W0) 1>^2-

Temperature factor (K) I-OOOZ 

Gs/control temperature < 
Wo 

Gs/20°C Wo 
v\)+(wa-v\y 

Comments: 

Figure 
SPECIFIC GRAVITY DETERMINATION, ASTM D854 

/  /v l  / fs  /  7t> 
Prô a »•" V/?-//<?/-  ̂O ? ' n«. // //%T/ *7 t cr 7?7r . Accrovad B,. ?o) Golder Associates 
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QAMPI P S0DA--S 

Pycnomeler number L0Z0Z 

Temperature at weighings (®C) U4? 1 9-/°C 

Weight flask + soil + water (W^) 

Weight flask + water (Wa) 

(Wa-Wb) -2Z13 

Evaporating dish number 

Weight dish + dry soil / 3* *5" 

Weight dish • 9/ 

Weight dry soil (W0) 

Temperature factor (K) l> OC OZ 

Wo 
vv(wa-v\y 

Gs/20eC = Wo 
b v^+(wa-wy 

• K ^  2 - G Z  

Comments: 

Figure 
SPECIFIC GRAVITY DETERMINATION, ASTM D854 

MOhl^AhJTtO / L /FS / f - nr . )  u A  I .  

p^nc. Hm-l/Ct- \\ h>h\ T—,.r — Acoro»»d By_Goldfir Assocfstos 



C1AMPI P ovt-t lcuj  

1 

Pycnometer number L D  

Temperature at weighings (®C) 67-vf 
V 

Weight flask + soil + water (Wfa) b79-b) 

Weight flask + water (Wa) bf$>v 

(Wa-Wb) -zo >1-

Evaporating dish number k 

Weight dish + dry soil !3e- $3 

Weight dish 95 z/  

Weight dry soil (W0) z^>b2-

Temperature factor (K) i P O O  1  

Wo 
1 %+(wa-v\y 1 

Gc/20°C = W° 
b v^+(wa-\Ay 

. K 2 - 3 9  

Comments: 

Figure 
SPECIFIC GRAVITY DETERMINATION, ASTM D854 

4 1 
— / A L /AS' / 7T) . 
ProjMNo 9/3 — //<?/- On* ; / // ,f/ 9/ T—lad By (^) Golder Associates 



SAMPLE UP" NPPJL 

Pycnometer number L-02.O& 

Temperaiure at weighings (®C) £?-Pf\ ZO-if°C 

Weight flask + soil + water (W^) lohfti 

Weight flask + water (Wa) 

(Wa-Wb) - 4-2- 7 £ 

Evaporating cfish number Z& 

Weight dish + dry soil no-31 

Weight dish loi-?? 

Weight dry soil (W0) 

Temperature factor (K) I'COOO 

Wo 
o^/uuiIIIUI itriii^cidiurs ® 

Yfe+(Wa-V^ 

GS/20°C ^2 
b wt,+ (wa-wy 

• K ' Z-GP 

Comments: 

Figure 
SPECIFIC GRAVITY DETERMINATION, ASTM D854 

/.A l /rs / 7 7) ^ , . 
Propel No.- Da* - nl/r/4/ T—/J# — *cco—c B, V V'&? Colder Associates 



sample up- wrvyle 

Pycnometer number LoZO<S 

Temperature at weighings (®C) hb ^rh / ? • /  

Weight flask + soil + water (W^) lOO.oZ 

Weight flask + water (Wa) 

(Wa-Wb) -Hoi, 

Evaporating dish number 7 
Weight dish + dry soil / 72 -9 /  

Weight dish id-els' 

Weight dry soil (W0) bs~ 

Temperature factor (K) 1> oo^l/ 

G$/control temperature 
Wo 

%+(wa-v\y 

GS/20°C. Wo 
v^+(wa-wy K •* 2.7Z 

Comments: 

Figure 
SPECIFIC GRAVITY DETERMINATION, ASTM D854 

V/i-//(?/. U /ITJV / T„,,By AT* /top-pdB, T)Pr> Golder Associates 



caupi p \if- far 

Pycnometer.number lozo& 

Temperature at weighings (®C) (r> $ 7 cf* 2o '(̂ c 

Weight flask + soil + water (Wb) 7 0 o > z < k  

Weight flask + water (Wa) 
93 

(Wa-Wb) -hhifs  

Evaporating dish number 8fT 

Weight dish + dry soil m-92 

Weight dish )0f.iq 

Weight dry soil (W0) f a - l ?  

Temperature factor (K) ) •  o c o o  

Wo 
w^wwlluwilui^wluiulu V^+(Wa-\^y 

Gc/20°C — . K^ 2 ' 5 f  
5 v^+(Wa-v^y ^ 

Comments: 

Figure 
SPECIFIC GRAVITY DETERMINATION, ASTM D854 

' / 'rSxJa' J) . w > ,  :  H > G o l d a r A s s o c i a t e s  



.JLDER ASSOCIATES IK., REDMOND, NA 

ASTB D-1140/C-136 
SIEVE ANALYSIS 

PROJECT 
PROJECT DUMBER 
ENGINEER 
DATE 
TECHNICIAN 
BEYIENER 

MONSANTO/RI/FS/ID 
913-1151.203 

BAHTOD 
11/18/91 
HM-MF 

SIZE OF LARGEST 
PARTICLE 

110 
14 
3/4" 
r 
2' 
3' 

EINIMON MASS OF 
SAMPLE REQUIRED 

200g 
500g 
1500g 
2000g 
4000g 
50D0g 

BOREHOLE NUMBER 
SAMPLE NUMBER SODA-S SODA-N 
DEPTH (ft) 

TARE NUMBER A I 
TARE NT (g) 100.43 106.73 
NET NT 4 TARE (g) 
DRY NT 4 TARE (g) 335.28 486.84 

CUMULATIVE PERCENT CUMULATIVE PERCENT * 
WEIGHT <g) FINER NEIGHT (g) FINER * 

TARE (g) 100.37 106.74 
3'  100.37 100.01 3'  106.74 100.01* 
2'  100.37 100.01 V  106.74 100. on 
r  100.37 100.01 r 106.74 ioo. on 

3/4* 173.78 75.1* 3/4' 222.17 69.61* 
3/8" 261.31 45.2* 3/8' 349.87 36. on 
14 307.20 23.31 14 407.02 21.01* 
tio 338.36 19.31 110 440.50 12.21* 
120 361.86 11.31 120 462.32 6.51* 
140 376.40 6.41 140 474.59 3.21* 
160 362.61 4.31 160 480.22 1.71* 

1100 386.67 2.81 1100 463.56 0.91* 
1200 383.74 1.91 )200 485.79 0.31* 

MEETS ASTM SAMPLE 
SIZE REQUIREMENT? NO NO 

D10 0.8 D10 1.6 
D30 5 D30 7.1 
D60 16 D6D 17 
Cu 20.0 Co 10.6 
Cz 2.0 Cz 1.9 



mtmmmmmmmtsmmmmmmmummtmmmmmmmtmmmimmmmmtmmmmmmmimmmmmmmmmm 
•H0SXS3EKT FOB B01S7DBE COBTIKT OF SOILS 
* ASTB 0-2216 
'BOBISHEET FOB SIEVE ISO 1TDB0BETE! 
* ASIB 0-422 (BOOIFIEO FOB TIHFIB1TDB! CEAB6E) 
'BOBISHEET FOB BIT PBEPABATIOH OF SOILS 
* ASTB 0-421 
i UPDATED 3/20/90 BT D. OSTIB 

<PABT 1: BATOBAL B01ST0BE COBTEBT'PABT 
t t 
»IABE I: 32 «TABE I: 
•TABS (I): 7S.59 «TABI (g): 
'HOIST BT. (g): 360.55 'HOIST BT. (g): 
'OTEB DBT BT {<): 220.90 'OTEB DBT BT (g): 
*HX: 96. lOS'KX: 

FIB! FBACT10! BOISTOBB »PABT D: COABSI FBACT108 BOISTOBI 
t 

S 'TAB! I: 32 
21.99 'TABE {;): 75.55 
65.69 'BOIST BT. (g): 99.24 
61.39 «0?EB DBT BT (g): 97.43 
11.81X»BX: 8.27X 

mmmmmmmmimmmmmmmmmmmmmmmmmmmmmmmmmmmmtmmtmmmmmmtmmmmmmm 
'PABT 
x 

B:5EPABATI0B OF FBACTIOBS *PABT I: SIEVE OF COABSI FBACT10B* SABPLI: 0P-8EAB 
» xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxtxxtxxltxt l l l  

'WEIGHT TOTAL SABPLE * TABE, AIB DBT (g): 266.07 i CDBOLAT1TE PEBCEBT ' FIBAL BESOLTS » SIZE OF BIBIBOB BASS OF 
'WEIGHT OF AIB DBT TAB! |g): 90.04 i BEIGBT (g) FIBE! 'SIZE PEBCEBT FIBE! t LABGEST 4»10 POBTIOH 
'HEIGHT OF -110 TABE (|): 90.05 *- PABTICLE BEQOIEED 
'WEIGHT OF -110 FBACT10B 4 TABE (g): 241.51 'TABE (g) 75.57 t 3' 100.OX t ............ 
'WEIGHT OF -110 FBACT10B, AIB DBT (g): 151.46 t 3* 75.57 100.OX' 2* 100.OX i 3* 5000g 
'WEIGHT OF 4110 FBACTOB, AIB DBT (g): 24.57 t  2* 75.57 100.OX' r 100.ox' i 2* 4000g 
'OTEB DBT BE1GBT OF FIBES (g): 135.46 X r 75.57 100.OX' 3/4" 100.OX t r 2000g 
»07EB DBT BEIGBT OF COABSE FBACTIOB (g): 22.69 X 3/4' 75.57 100.ox< 3/8" 96.5X » 3/4" lODOg 
'OTEB DBT BEIGBT OF TOTAL SABPLE (g): 156.15 t  3/8" 81.07 96.5X* 04 92.IX I 3/6* 500g 
xxxxxxxxxxxxxxtxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 14 88.05 92.1X' 010 88.8X t 

500g 

*PABT F: BTDBOBITEB TEST 01 FIBE FBACTIOB X 010 93.25 98.8X' 020 87.2X 'BEETS ASTB BEQDIBEHEET? BO 
t X FAB 96.27 86.35' 040 85.3 X tmmmmusmmmmmtt 
IHDSOHETIB TTPE: 152B X » 060 80.4X t 
•SOBETIB BOBBEB: 15-1515 xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 0100 61.11 « D10: B/A 
^AZEB BOBBEB: 6B 'PABT G: SIEVE OB FIBE FBACTIOB > 0200 49.7X t D30: B/A 
'FLASE BOBBEB: 4 » I 0.0462 36. OX t D60: B/A 
'SPECIFIC GBATITT: 2.65 * COBOLATITE PEBCEBT ' 0.0276 27.7X i Cu: B/A 
'POBTIOE TESTED: -110 t BEIGBT FIBE! ' 0.0171 24.3X i Cz: B/A 
'HOIST BT. OF SOIL (g): 59.92 0.0109 20.9 X t 
'COSBECTED DBT BT (g): 53.59 'TABE (g) 70.76 t 0.0064 19.2X mmmmtmtmmmtmm 
'Bi: 1.00 X 120 71.72 98.25* 0.0038 16.8X » BOTES: 
'STABDABD SOLO?]OH X 040 72.90 96.OX' 0.0023 15. OX < 
'ZEBO COBBECTIOI X 060 75.82 90.6X' 0.0014 10.7X i 

X 0100 83.83 75.6X1 i 
* TUP. BEAD. X 0200 94.39 55.9X* » 

19.10 5.00 txxxxt t t t t tx tx t tx t t tx tx tmtxtxtxxxt t t tx t txxtxtx tx t t t t t t t t t t i t tmt tu tx t tx txxxxxxxxtxxxxxt ix txxxx x 
» :  
X 
to 
X-
I 
X 
I 
I  
J 
t 
a 
X 
X 
X 
xxxxxxxxxxxxxxxxxxxxxxttxt i ixxxxt txxxxxxxxtxixxtxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxtxxx- .  «ECT: B0BSABT0/P1/FS/ID GOLDEB ASSOCIATES IBC. 

ECT BOBBEB: 913-1101 K TASI: 203 DATE: . 11/21/91 GEOTECBBICAL TESTIHG LABOBATOBT 
B1CIAI: BF BET1EBED BT: BEDBOBD, BASB1BGT0B 

xxxxxxxxixtxtxxxxtxxxxxxxxtxxll l l l t l l txlxxxxxxxxxxxxxxxlxxxxxxxxxxxxxxxlxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxtxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxl 

70 2.50 ELAPSED ZEBO COBB. COBB. EFF. C0BSTA1T 
TIBI TEBP. BTDBO COBB. FACTO! FACTOB X FIBEB DEPTH (TiGs) D1AB. LOG XTOTAL 

I IB B S (lis.) (C) BEADIBG (COBTBOL) t a L,ci E (u) DIAB. SABPLE 

20 9 5 0 mm o.OO 
20 9 6 0 xt txxx i.oo 22.6 25.0 3.67 0.40 1.00 40.5X 12.031 0.01332 0.0462 -1.34 36.0: 
20 9 8 0 turn 3.00 22.6 20.0 3.67 0.40 1.00 31.21 12.851 0.01332 0.0276 -1.56 27.7: 
20 9 13 0 turn 8.00 22.4 18.0 3.75 0.40 1.00 27.3X 13.179 0.01332 0.0171 -1.77 24.3: 
20 9 25 0 mm 20.00 22.3 16.0 3.79 0.40 1.00 23.51 13.507 0.01332 0.0109 -1.96 20.9: 
20 10 5 0 mm 60.00 22.3 15.0 3.79 0.40 1.00 21.7X 13.671 0.01332 0.0064 -2.20 19.2: 
20 11 55 0 xxxxxx 170.00 22.4 13.5 3.75 0.40 1.00 18.9X 13.917 0.01332 0.0038 -2.42 16.8: 
20 16 44 0 xxxxxx 459.00 22.2 12.5 3.83 0.40 1.00 16.91 14.081 0.01332 0.0023 -2.63 15. o: 
21 8 43 0 """1418.00 19.7 11.5 4.77 -0.30 1.00 12. OX 14.245 0.01382 0.0014 -2.86 10.7: 



mmmmmmmmmmmmmsmmmmmmmmmmmmmmmmmmmtmmtmmmmmmmmmmtmmmmmmm 
'10RISBIIT FOB H01ST0BI C01TI1T 0? SOILS 
« iS7H D-2216 
'KOBISBIIT FOR SIITK SID BTDBOHITIB 
* 1STI 5-422 (HODIFIID FO! YIEPIEiTOBI CBBIGI) 
SK02KS1SST FOB SI! PEIPiSiTlOI OF SOILS 
* iSTI D-421 
* DPDSIFD 3/20/91 BT D. OSIIE 

'PUT B: BATOSAL BOISTUBI COHTIIT'PBBT C: Fill FBBCTIOl IOISTOBS «PABT D: COABSE FSACTIOH KOlSTGRi 
I > t  

mil I: 20 mil I: 18 'TARS I: 12 
mil (I): 94.93 mil (g): 25.OS mil (g): 71.99 
*101S! II. (g): 273.69 >10IST IT. (g): 43.28 «80IST IT. (g): 82.16 
SOTII DBT IT (g): 123.39 '0711 D1T IT fg): 34.80 *0711 DBT IT (g): 80.20 
'IX: 528.111'BX: 86.97X'I2: 89.59X 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx-
'PUT B:SIPABAT10B OF FSACTIOIS 
t 
'WEIGHT TOTAL SAHPLI • Till, BIB DBT (g): 
'HEIGHT OF BIB DBT TBB1 (g): 
'1118BT OF -110 TBB1 (g): 
'HEIGHT OF -110 FRBCTIO! 4 TARE (g): 
'HEIGHT OF -110 FBBCTIOl, BIB DBT |g): 
'HEIGHT OF 4110 F1ACT01, BIB DRY (g): 
*0711 DBT II1GET OF FI1IS (g): 
'0718 DBT HEIGHT OF COB1SI FBBCTIOl (g): 
'0718 DBT HIGIT OF TOTBL SB9PLI (g): 

203.95 
90.09 
90.06 
195.72 
105.66 
8.20 
56.51 
4.33 

60.84 

'PART 1: 
t 
t 
t  
X 
mil (g) 

SIITI OF C0BBS1 FBBCTIOl' SB1PL1: ODTFLOl 
X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X I X X X X X X X  

CDH0LATI7E 
HEIGHT (g) 

PIBCI1T 
FI11B 

t 
'SIZE 
-i 

FI1AL RESULTS 
PUCUT Fill! 

x 
x 
X 
X 
X 

xxxxxxxxxxxxxxxxxxtxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
'PAST F: 1TDS01ITI1 TIST 01 Fill FBBCTIOl ' 
' t 

10HIT1B TTP1: 1521 » 
JOHETIB 801B1B: 15-1515 

'BIBI1B 101BIB: 7 
'FLBS1 ID1BIB: 7 
'SPECIFIC GBBTITT: 3.29 
'P01T10I TISTID: -110 
'HOIST ST. OF SOIL !g): 63.32 
'COBB1CTID DBT IT (g): 33.87 
'Be 1.00 
'STUDIED SOLDTIOl 
'2110 C0B1ECT101 
I 
'TUP. READ. 
' 19.10 5.00 

3" 
2* 
r 
3/4* 
3/8" 
14 

110 
FBI 

73.70 
73.70 
73.70 
73.70 
73.70 
73.70 
73.70 
74.61 
75.08 

t 
100.ox> 
100.0X1 
100.OX' 
100.OX' 
100.OX' 
100.OX' 
98.5X* 
97.7X* 

t 
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
'PUT G: SIITI 01 Fill FBBCTIOl > 
t  t  

> C0H0LATI7S PUCUT ' 
' HEIGHT Fill! ' 

« » 

'TARS (g) 95.19 < 
' 120 97.79 92.3X' 
> 140 98.11 91.4X' 
' 160 98.50 90.2X' 
< 1100 99.00 88.7X' 
« 1200 99.82 S6.3X' 

3* 
2* 
1* 
3/4* 
3/8* 
14 
810 
120 
140 
160 
1100 
1200 
0.0436 
0.0263 
0.0166 
0.0105 
0.0062 
0.0039 
0.0023 
0.0014 

100.OX 
100.OX 
100.OX 
100.OX 
100.OX 
100.ox 
98.5X 
90.9X 
90.OX 
88.9X 
87.4X 
85. OX 
75. OX 
59.8X 
49.6X 
48.3X 
39. AX 
33.3X 
25.6X 
17.6X 

SIZE OF H11I19S KBSS OF 
LUGIST •110 POBTIOS 
PBBTICL1 REQUIRED 

3* 5000s 
2' 4000g 
r 2000g 
3/4* lOOOg 
3/8* 500g 

t  
I  

•t  

t  

x 
X 
X 
X 
X 
X 
'HUTS BST1 BIQD1BIHIIT? TIS 

X X X X X X X X X X X X X X X X X X X X X X X X X X X X X i X X X i  
« 

1/B 
1/B 
1/B 
1/B 
1/B 

DID: 
D30: 
D69: 
Cu: 
C»: 

t  

t 
t  

« 
t 
< 
tmmmmmummmmmi 
' BOTES: 

t  
t 
t  

l  
X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X l  

* 25.70 2.50 ELAPSED ZEBO COBB. COBB. IFF. C01STA1T 
* TUB TEBP. BTDBO COBB. FBCTOB FBCTOB X Fill! DIPTB (TAGs) DIU. LOG XTOTBL 
<D I 
i—.— 

IB 1 S ('in.) IC) 1IBDIIG (C01TB0L) t a l.ei I (••) DIU. SAHPLI 

' 20 9 16 0 xxxxxx o.OO 
' 20 9 17 0 mm 1.00 22.2 33.0 3.83 0.40 0.87 76.2X 10.719 0.01332 0.0436 -1.36 75.0! 
' 20 9 19 0 mm ].oo 22.2 27.0 3.83 0.40 0.87 60.7X 11.703 0.01332 0.0263 -1.58 59.81 
* 20 9 24 0 <*mt 8.00 22.1 23.0 3.86 0.40 0.87 50.3X 12.359 0.01332 0.0166 -1.78 49.61 
< 20 9 36 0 mm 20.00 22.1 22.5 3.86 0.40 0.87 49. OX 12.441 0.01332 0.0105 -1.98 48.31 
* 20 19 16 0 xxxxxx 80.00 22.1 19.0 3.86 0.40 0.87 40. OX 13.015 0.01332 0.0062 -2.21 39.4X 
< 20 11 56 0 mm 180.00 22.3 16.5 3.79 0.40 0.87 33.8X 13.425 0.01332 0.0039 -2.41 33.31 
< 20 16 45 0 xxxxxx 449.00 22.2 13.5 3.83 0.40 0.87 25.9X 13.917 0.01332 0.0023 -2.63 25.61 
* 21 
X 

8 44 0 "'"'1408.00 19.7 12.0 4.77 -0.30 0.87 17.8X 14.163 0.01382 0.0014 •2.86 17.61 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
"""1J1CT: H01SB1T0/PI/FS/ID SOLDI! ASSOCIATES I1C. 

ACT 10HBIB: 913-1101 TBSI: 203 DBTI: 11/22/91 GIOTlCBlICBL TISTI1G LBBOBBt 
-laClllClBI: IF BITIUID BT: "frPfJ UDH01D, IBSBUGTOl 
""""mummmmmmmmmmmmmmmmmmmmtmmmmmmmmmmmmmmmtmmmmmsmmmmmmmt 



*************************************************************************************************************************************************************** 

'IOEISEIET FOB BOISTUEI COETIET OF SOUS 
* AST! B-2216 
'IOEIS1IE1 FOE Sim AID ITD10BITIB 
* ASTB D-422 (BODIFIED FOE TXIPIBATOEI CIAISI) 
'IDBISIEET FOE SET PBIPABATIOI OF SOILS 
* ASTB >421 
* OPHITES 3/20/90 ET S. OSTEE 

IPABT I: IATDEAL BOISTUEI COBIEET*PABT C: FIJI FBICTIO* EOISTOBE »PIET S: COIESI FEICT10E EOISTDEI 

'TABE I: 
'TABE (l): 
'BOIST IT. (g): 
IOTIF SET IT (g): 
*IX: 

* 

401 'TABE t: 
70.78 *TABI (g): 
320.97 tHOIST IT. (g): 
173.88 'OYEE SET IT (g): 
142.67X*IX: 

35 *TABE »: 3 
25.18 *IABE (g): 73.73 
58.86 *80151 IT. (g): 80.23 
55.99 *OTEB SET II (g): 79.78 
9.31X*IX: 7.44X 

*mm*m**»m**mmm*m*m*mm******m*mt**m*mmmmm****t**m**mmmm*m*mm*m*m**m***tm*mm******mmm***: 
*PABI £:SEPAEATI05 OF FEACTIOES *PABT E 
* * 

'IE16BT TOTAL SAIPLE 4 TAKE, All BET (g): 303.51 * 
tlEIGIT OF AIE SET TAEI(g): 90.07 * 
**EIGE7 OF -110 TAB! (g): 90.07 * 
*HEIG17 OF -110 FEACT10B 4 TAKE (g): 295.48 *TAEE (g) 
slEIGET OF -110 FEACTIOE, AIE SB! (g): 205.41 * 
*KE1G!7 OF 4110 FBACTOB, AIE SET (g): 8.03 * 
*07EI BET WEIGHT OF FIEES (g): 187.92 * 
*07EK SET WEIGHT OF COAESE FEACTIOE (g): 7.47 * 
SOTEI SET HIGH OF TOTAL SASPLE (g): 195.39 ' 

S1ETE OF COAESE FEACTIOE' SAHPLE: UP-FAB 
mmmtmmmmtmmmtmmmmmmmtmtmmt: 

CUEULATITE 
WEIGHT (g) 

PEBCEIT 
FIEEE 

< 

'SIZE 
-i 

FIEAL BESULTS 
PEBCEBT FIEEE 

mm****************************************************** 
'PAST F: ITSBOIIIEE TEST OE FIEI FEACTIOE 
i 
'HTSEOIITEE TOT: 
'I7BB0BITIB EUBBEB: 
jMil EOHBIE: 

EUBBEB: 
'WlFIC 6EA7ITT: 
'P0ET10E TESTES: 
*80157 IT. OF SOIL (g): 
'COEEECTIS BET IT lg): 

•" *b«: 
'STAESAES SOLUTIOE 
'ZEBO COEBECTIOE 

* TEMP. EEAB. 
' 19.10 5.00 

1521 
15-1515 

18 
3 
2.55 

-110 

57.73 
52.81 

1.00 

3' 
2* 
1* 

3/4" 
3/8* 
14 
110 
PAE 

73.70 
73.70 
73.70 
73.70 
73.70 
73.70 
73.70 
78.91 
79.65 

100 
100 

t 
OX* 
ox* 

100.ox* 
100.ox* 
100.0X1 
100.OX' 
97.3X* 
97.OX* 

* 
********************************** 

'PAST G: SIETE OE FIEE FEACTIOE * 
t 
I 

t 
t 
'TAKE (g) 
' 120 
' 140 
' 160 
* 1100 
' 1200 

CUEULATITE 
WEIGHT 

PEBCEET 
FIEEE 

78.49 
90.54 
99.06 
102.94 
106.15 
109.10 

* 
* 
t 
1 
» 

77.2X* 
61.IX* 
53.7X* 
47.65* 
42.OX' 

r 
2' 
r 

3/4* 
3/8* 

44 
410 
420 
440 
460 
4100 
4200 
0.0468 
0.0274 
0.0171 
0.0110 
0.0064 
0.0037 
0.0023 
0.0014 

100.OX 
100.OX 
100.OX 
100.OX 
100.OX 
100.ox 
97.3X 
75.IX 
59.4X 
52.3X 
46.45 
40.SX 
36.95 
33. IX 
27.4X 
21.7X 
20.7X 
16.95 
15.2X 
12. IX 

1 SIZE OF EIE1EUE EASS OF 
t LAEGEST 4410 PDBTIOB 
•t 
t 

PAET1CLE EEQUIBES 
• 
» 3* 5000g 
t 2' 4000g 
t r 2000g 
t 3/4' lODOg 
t 3/8" 50 Og 
t 
*HEITS ASTE EE6UIBEBEBT? TES •• 
utmtmmmmmtmttmm: 
» 

E/A 
E/A 
I/A 
E/A 
E/A 

B10: 
B30: 
S60: 
CB: 
Cs: 

t  
* 

* 
t 
t 
t 
mt***tt*t******m****mm*m: 
* EDTES: 
* 
* 

s 
* 

*******mmt***m*tm*mmmm*mmm****m***m*m*mm*m**m*******m*mmt: 
* 25.70 2.50 ELAPSES ZEEO COEE. COEE. IFF. COESTAET 
* THE TEBP. BTBEO COBE. FACTOE FACTOE X FIEEE BEPTB (TAG*) SIAE. LOG XTOTAL : 
*B BE E S (lifl.) (0 EEAS1EG (COETEOL) t a L.ei I (••) SIAE. SAEPLE 
j— 
t 20 8 54 0 ****** 0.00 
* 20 8 55 0 ****** 1.00 22.3 23.0 3.79 0.40 1.02 37.9X 12.359 0.01332 0.0468 -1.33 36.95: 
* 20 8 57 0 mm 3.00 22.3 21.0 3.79 0.40 1.02 34. OX 12.687 0.01332 0.0274 -1.56 33.15: 
« 20 9 2 0 mm 8.00 22.2 18.0 3.83 0.40 1.02 28. IX 13.179 0.01332 0.0171 -1.77 27.45: 
t 20 9 14 0 ****** 20.00 22.1 15.0 3.86 0.40 1.02 22.3X 13.671 0.01332 0.0110 -1.96 21.75: 
t 20 9 54 0 mm 60.00 22.0 14.5 3.90 0.40 1.02 21.25 13.753 0.01332 0.0064 -2.20 20.75= 
t 20 11 54 0 mm 180.00 22.2 13.5 3.83 0.40 1.02 19.5X 13.917 0.01332 0.0037 -2.43 18.95: 
i 20 16 43 0 mm 469.00 22.2 11.5 3.83 0.40 1.02 15.65 14.245 0.01332 0.0023 -2.63 15.25: 
t 
> 

21 8 42 0 ******1428.00 19.7 11.5 4.77 -0.30 1.02 12.4X 14.245 0.01382 0.0014 -2.66 12.15: 

*»***********m*****m**m************mm«m*m*t*ttm**m**m****m**m**m**m**mm**m*»**mmmm**mm***mmm**mmmt**: 
'PEOJECT: 
'PBDJICT EUESEE: 
'"2E1C1AE: 

EOESAET0/P1/FS/1S 
913-1101 
EF 

TASI: 
EETIEIES BT: 

203 SA 
Sa £L 

11/21/91 
GOLBEB ASSOCIATES IEC. 
GEOTECIEICAL TEST1EG LABOEATOET 
EESEOES, IASBIEGTOE 



umzxmxmmmmmmmmmtmmmmxmmtmmmmmzmmmmmmmummmmmmtxttmtmxmxxmmmtmxxmxxxx***: 
'FIB? A: IlTDBiL EOISTBBE COBTEBHPABT C: FIBB FBACIIOB EOISTOBE *PABI B: COABSB FBiCIlOli EOISTBBE * 
* * * 

*TABB I: OH *TABE I: 18 *IABE I: B i 
*IABB {£): 75.91 *IABB (g): 25.01 *TABE (g): 107.27 * 
*E0IST IT. (g): 298.35 *E0IST II. (g): 51.72 *H0IST IT. (g): 299.58 : 
WEE BET II (g): 273.81 WEE BBI II (gk 52.96 WEE BBT II (g): 290.65 > 

62.932*12: 6.302*12: 1.872 * 

*I0BI5BIIT FOB B01SIIBI COITIII OF SOILS 
* ASH B-2216 
*I0BISBBII FOB SI Ell ABB I7BB0EI7IB 
* ASH B-122 (BOBIflBB FOB 7BEFIBA70BI CBABG!) 
•IOEISBEBT FOB BB! FBIPABAIIOI OF SOILS 
* ASH B-121 
* OPBAIIB 3/20/90 BT B. OSTIB 

*PAE? B:S£PABAI10B OF FBACI1015 
* 
*IBIEBT TOTAL SABPLI 4 IABB, All BB! (g): 
*iriEJ! OF AIB BB! IABB (g): 
*IIISBI OF -no IABB (g): 
*111617 OF -110 FBACT10H 4 IABB (g): 
*I£36IT OF -110 FBACIIOB, AIB BB! (g): 
*IB1SBT OF 4110 FBACI0B, AIB BB! (g): 
*07£l BB! IB!617 OF FIBBS (g): 
*OYBI BE! IBI6B! OF COABSB FBACIIOB (g): 
•OTIS BE! IBISIT OF TOTAL SAEPLB (g): 

390.99 
76.31 
76.33 

197.83 
121.50 
193.15 
111.30 
181.18 
298.18 

*PAET B: 
* 

t 
* 

* 

*TABB (g) 

S1B7I OF COABSB FBACIIOB* SAEPLB: OP-EIBBL! 
n»tttmmnm»mnnuu»»»»mnKK»K»»nm»»t: 

CBHBLATIYI 
IBIGBI (g) 

PIECES! 
F1BIB 

t 
•SIZE 

-* 

FIBAL BBSOLIS 
FBBCBB7 FIBBB 

t 
t 
* 
I 
* 

mxmmmmmmmmmmtmmzmmxmtmmt 
•PAST I: KBEQEBIBE IBS! OB FIBB FBACIIOB » 
* t 
*ITBBOIET£B TTPB: 
•HBBOEBIBB EBBBEB: 

*1 BBHBBE: 
* BBEEBE: 

•SPECIFIC GEAT1T!: 
•F0EI10S TESTED: 
*E0IS7 IT. OF SOIL (g): 
•COHIICIBD BE! II (g): 
*B»: 

1521 
15-1515 

BLI 
2 
2.72 

-110 
60.61 
57.05 
1.00 

3* 
2* 
r 

3/1* 
3/8' 
II 
110 
FAB 

107.30 
107.30 
107.30 
137.96 
162.66 
183.96 
228.97 
271.89 
287.26 

« 
100.02* 
100.02* 
89.72* 
81.12* 
71.32* 
59.22* 
13.92* 
39.72* 

t 

•SIABDABB SOLBTIOB 
*2EBO C0BBBC710B 

EBAB. 
5.00 

HHP. 
19.10 

smmmmmnmtmzxxmm 
*PABI 6: SIBTI OB FIBB FBACIIOB * 
* * 
* C0E6LA7I7B FBBCBB7 * 
* HI GET FIBBB * 
* 1 
•IABB (g) 69.00 * 
* 120 76.15 86.92* 
* 110 83.91 73.92* 
* 160 89.28 61.52* 
* 1100 91.36 55.52* 
* 1200 101.30 13.12* 

3' 
2' 
r 

3/r 
3/8* 
II 
110 
120 
160 
160 
1100 
1200 
0.0174 
0.0286 
0.0178 
0.0113 
0.0066 
0.0037 
0.0023 
0.0011 

100.02 
100.02 
89.72 
81.12 
71.32 
59.22 
13.92 
36.12 
32.12 
28.32 
21.12 
19.02 
11.62 
9.32 
7.02 
7.02 
5.52 
1.62 
3.82 
2.62 

SIZE OF 
LAE6BS7 
PABT3CLB 

BIBIE0E EA5S OF 
4110 POBTIOE 
BBQ01BBB 

3' 
2" 
r 

3/4* 
3/8* 

5000g 
lOOOg 
2000g 
lOOOg 
500g 

i 
3  

3 
3 
3 

*HEETS ASH BE8U1BEHEBT? BO > 
mtmmmmmmtmmmui 

B10: 
B30: 
B80: 
Co: 
Cz: 

B/A 
B/A. 
B/A 
B/A 
B/A 

mmmxmmmxxtmxmztm* 
* BOIES: • * 
* : 
* 3 
* 3 
* J 

mmxxmttmmxmmmmxxmmmxmxxmtmmxxxmtummmmxtmxmtxxmtm* 
* 25.70 
* 
*B 1 
x 

2.50 

IE I S 

BLAPSBB 
IIIB 

(•is.) 
TBEP. 

(C) 
ITBBO 

E1ABIB6 

ZBEO 
COEB. . 

(COBTBOL) 

COBB. 
FACIOB 

t 

COBB. 
FACIOB 

a 
X FIBBB 

IFF. 
BBPH 
L,ci 

COESTABT 
(766s) 

1 
BIAS. 
(•») 

LOG 
B1AE. 

t 
XIOIAL, * 
SAEPLB * 

* 20 8 13 0 xxxxxx (.go * 
* 20 8 11 0 mm 1.00 21.9 23.0 3.91 0.20 0.99 33.3X 12.359 0.01318 0.0174 -1.32 11.61* 
* 20 8 16 0 mm 3.00 21.9 16.0 3.91 0.20 0.99 21.21 13.507 0.01348 0.0286 -1.51 9.3X* 
i 20 8 

9 
51 0 xxxxxx 8.00 21.9 13.0 3.91 0.20 0.99 16. OX 13.999 0.01318 0.0178 -1.75 7. OX* 

* 20 
8 
9 3 

13 
0 ****** 20.00 21.6 13.0 3.98 0.20 0.99 15.9X 13.999 0.01318 0.0113 -1.95 7. OX* 

* 20 9 
11 

3 
13 0 ****** 80.00 21.8 11.0 3.98 0.20 0.99 12.51 11.327 0.01318 0.0066 -2.18 5.5X* 

I 20 
9 

11 53 0 ****** 190.00 22.2 9.5 3.83 0.10 0.99 10.5X 11.573 0.01332 0.0037 -2.13 1.6X* 
* 20 16 12 0 ****** 419.00 22.2 8.5 3.83 0.10 0.99 8.8X 11.737 0.01332 0.0023 -2.63 3.8X* 
* 21 
x 

8 11 0 ******1438.00 19.7 8.5 1.77 -0.30 0.99 5.9X 11.737 0.01382 0.0011 -2.85 2.6X* 
* 

***************X****X*X*X*XXXXXXXXIXXXHXXIXXXXXXXXXXXXIXIXXXXXXIIXXXXXXXXXXIXXXXXXXXXXXXXXXXXXXIXXXXXXXXHXXXXXIIXIXXXXXIIXXXXXXXXXXXXXXXXXXXXXX3XHXXXIXXXXXI 
•PHOJICT: BOBSABTO/P1/FS/1B GOLBEB ASSOCIATES IBC. * 
,nS!5Dn: S13"1101 TiSI: 203 Bin 11/21/91 GBOIBCBBICAL IBSIIB6 LABOBATOB! » 
1 ,i3C1W: w BFFIBIEB B7: W/7 BBBBOBB, IASBISGTOB 

"'''''"X'XXlX'XXXXXXXXXXXXXXXXXXXXXXXXXXIXXIXXXXXXXXtXXXXXXXUXXXXXXIXXXXIXXXXXXXXXXIXUXHIXXXXUXXXXXXXXXXXXXXIXXIIIIXXXXXtXXXIXXXXXXXXIXXXXXI 



APPENDIX F-2 

PHASE II SAMPLES 



GOLDER ASSOCIATES INC., REDMOND, WA 

SUMMARY OF MOISTURE CONTENT (ASTM D-2216) 
AND SPECIFIC GRAVITY (ASTM D-854) 

PROJECT: MONSANTO/RI/FS SEDIMENT/ID 
PROJ. NO: 913-1101.603 
DATE: 1-26-93 
TECH: MF 
REVIEW: DPO 

MOISTURE SPECIFIC 
SAMPLE ID DEPTH CONTENT GRAVITY 

(in) (%) 

SCSS-600 2.68 
SCSS-900 - - 2.65 
SCSS-1200 - - 3.02 
SCSS-2400 - . 2.56 
MSSS-100 - - 2.40 



PARTICLE SIZE DISTRIBUTION 

US STANDARD SIEVE OPENING SIZES 

Grain size in millimeters 
0.061 

Coarse Fine C Med Fine 

FINES (Silt or Clay) 
GRAVEL SAND FINES (Silt or Clay) 

SAMPLE ID DEPTH W% LL PI, PI uses DESCRIPTION 
SCSS-600 GM Brownish black (5 YR 2/1), 

c-f GRAVEL, some c-f sand, 
some clayey silt, (GM). 

PROJECT: MONASNTO/RI/FS SEDIMENT/ID 

PROJECT NO.: 923-1101.603 DATE: 1-10-93 TECH: MF REVIEW: DPO 
GOLDER ASSOCIATES INC. 

REDMOND, WA 



PARTICLE SHE DISTRIBUTION 

US STANDARD SIEVE OPENING SIZES 

Coarse Fine C Med Fine 

FINES (Silt or Clay) GRAVEL SAND FINES (Silt or Clay) 

SAMPLE ID DEPTH W% LL PL PI uses DESCRIPTION 
SCSS-900 GP Olive black (5 Y 2/1), 

c-f GRAVEL, some c-f sand, 
trace clayey silt, (GP). 

PROJECT: MONASNTO/RI/FS SEDIMENT/ID 

PROJECT NO.: 923-1101.603 DATE: 1-10-93 TECH: MF REVIEW: DPO 
GOLDER ASSOCIATES INC. 
REDMOND, WA 



PARTICLE SIZE DISTRIBUTION 

US STANDARD SIEVE OPENING SIZES 

Coarse Fine C Med Fine 

FINES (Silt or Clay) 
GRAVEL SAND FINES (Silt or Clay) 

SAMPLE ID DEPTH W% LL PL PI uses DESCRIPTION 
SCSS-1200 GM Olive black (5 Y 2/1), 

c-f GRAVEL and c-f SAND,, 
some clayey silt, (GM). 

PROJECT: MONASNTO/RI/FS SEDIMENT/ID 

PROJECT NO.: 923-1101.603 DATE: 1-10-93 TECH: REVIEW: DPO 
COLDER ASSOCIATES INC. 

REDMOND, WA 



% 

p 

A 

S 

S 

I 

N 

G 

3" 2" 1- 3/4" 3/8' 

PARTICLE SmE DISTRIBUTION 

US STANDARD SIEVE OPENING SIZES 

10 20 40 60 100 

Grain size in millimeters 

PROJECT: MONASNTO/RI/FS SEDIMENT/ID 

PROJECT NO.: 923-1101.603 DATE: 1-10-93 

0.001 

TECH: MF 
GOLDER ASSOCIATES INC. 

REVIEW: DPO REDMOND, WA 



PARTICLE SIZE DISTRIBUTION 

US STANDARD SIEVE OPENING SIZES 

100 20 40 60 100 200 

% 

P 

A 

S 

S 
I 

N 

G 

Grain size in millimeters 
o.oi 

PROJECT: MONASNTO/RI/FS SEDIMENT/ID 

PROJECT NO.: 923-1101.603 DATE: 1-10-93 

0.001 

TECH: REVIEW: DPO 
GOLDER ASSOCIATES INC. 
REDMOND, WA 
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AS U^^I22 (MODIFIED I•'(>!< niMPFRATUKE 
WORKSI lE^^^R DRY PREPARATION OF SOILS 

ASTNTO-421 

WORKSHEET FOR MOISTURE CONTENT OF SOILS 
ASTM D-2216 
UPDATED 11/26/91 BY D. OSTER 

CI IANGF 

PART B: SEPARATION OF FRACTIONS 

WEIGHT TOTAL SAMPLE + TARE, AIR DRY (pV 
WEIGHT OF AIR DRY TARE (g): 
WEIGHT OF -#10 TARE (g): 
WEIGHT OF #10 FRACTION + TARE (g): 
WEIGHT OF #10 FRACTION, AIR DRY (g): 
WEIGHT OF + #10 FRACTON. AIR DRY (g): 
OVEN DRY WEIGHT OF FINES (g): 
OVEN DRY WEIGHT OF COARSE FRACTION (g)-
OVEN DRY WEIGHT OF TOTAL SAMPLE M: 

948.10 
107.12 
107.12 
295.15 
188.03 
652.95 
174.54 
637.23 
811.77 

PART F: HYDROMETER TEST ON FINE FRACTION 

HYDROMETER TYPE: 
HYDROMETER NUMBER: 
BEAKER NUMBER: 
FLASK NUMBER: 
SPECIFIC GRAVITY: 
PORTION TESTED: 
MOIST WT. OF SOIL (g): 
CORRECTED DRY WT (g): 
Rm: 

STANDARD SOLUTION 
ZERO CORRECTION 

152H 
15-1515 

M 
8 
2.68 

-#10 
67.04 
62.23 

1 

TEMP. READ. 
27.0 6.0 
19.4 8.0 

D HR M 

22 10 45 
22 10 46 
22 10 48 
22 10 53 
22 11 5 
22 11 45 
22 12 45 
22 17 43 
23 11 20 

ELAPSED 

TIME TEMP. HYDRO 
(min.) (C) READING 

PART A: NATURAL I^UHtLUKi 

TARE #: 
TARE (g): 
MOIST WT.(g): 
OVEN DRY WT (g): 
W%: 

PARTE: SIEVE OF+#10 

PAR IT': -#IU MOISTURE" 

TARE #: 
TARE (g): 
MOIST WT.(g): 
OVEN DRY WT(g): 
W%: 

107.09 
224.87 
216.42 

CUM PERCENT 
WEIGHT FINER 

TARE (g) 
3" 
2" 

1" 

3/4" 
3/8" 
#4 
#10 

90.08 
90.08 
90.08 

280.66 
316.63 
520.07 
637.88 
685.76 

100.0% 
100.0% 

76.5% 
72.1% 
47.0% 
32.5% 
26.6% 

PART G: SIEVE OF #10 

CUM PERCENT 

0 
0 
0 
0 
0 
0 
0 
0 
0 

0.0 
1.0 21.4 36.0 
3.0 21.4 32.0 
8.0 21.5 27.0 

20.0 21.6 23.5 
60.0 22.0 173 

120.0 22.6 15.0 
418.0 23.4 12.0 

1475.0 20.5 11.5 

PROJECT: 
PROJECT NUMBER: 
TECHNICIAN: 

MONASNTO/RI/FS SEDIMENT/ID 
923-1101.603 
MF 

WEIGHT FINER 

TARE (g) 
#20 
#40 
#60 
#100 
#200 

77.90 
89.2% 
78.9% 
66.8% 
55.3% 
46.7% 

TARE (g) 
#20 
#40 
#60 
#100 
#200 

84.62 89.2% 
78.9% 
66.8% 
55.3% 
46.7% 

TARE (g) 
#20 
#40 
#60 
#100 
#200 

91.05 
89.2% 
78.9% 
66.8% 
55.3% 
46.7% 

TARE (g) 
#20 
#40 
#60 
#100 
#200 

98.57 

89.2% 
78.9% 
66.8% 
55.3% 
46.7% 

TARE (g) 
#20 
#40 
#60 
#100 
#200 

105.70 

89.2% 
78.9% 
66.8% 
55.3% 
46.7% 

TARE (g) 
#20 
#40 
#60 
#100 
#200 111.06 

89.2% 
78.9% 
66.8% 
55.3% 
46.7% 

ZERO CORR. CORR. 
CORR FACTOR FACTOR 

(CONT.) t a 

7.5 0.2 1.0 
7.5 0.2 1.0 
7.4 0.2 1.0 
7.4 0.2 1.0 
7.3 0.4 1.0 
7.2 0.4 1.0 
6.9 0.7 1.0 
7.7 0.0 1.0 

DATE: 1-10-93 

GRAIN PERCENT 
SIZE FINER 

3" 
2" 

1" 

3/4" 
3/8" 
#4 
#10 
#20 
#40 
#60 
#100 
#200 
0.0431 
0.0257 
0.0163 
0.0106 
0.0063 
0.0045 
0.0024 
0.0013 

100.0% 
100.0% 
76.5% 
72.1% 
47.0% 
32.5% 
26.6% 
23.7% 
21.0% 

17.8% 
14.7% 
12.4% 
12.2% 
10.5% 
8.4% 
6.9% 
4.5% 
3.5% 
2.4% 
1.6% 

PAR I D: 4 #10 MOLYIUK 

TARE #: 
TARE (g): 
MOIST WT.(g): 
OVEN DRY WT(g): 
W%: 

S-3 
90.10 

743.05 

BORING: 
SAMPLE: 
DEPTH: 

COLOR: 
| Brownish black (5 YR 2/1), 

DESCRIPTION: 

c-f GRAVEL, some c-f sand, 
Isome clayey silt, (GMT 

USCS: |GM | 

LL 
PL: 
PI: 

D10: 
D30: 
D60: 
Cu: 
Cz: 

N/A 
N/A 
N/A 
N/A 
N/A 

EFF. 
> FINER DEPTH 

L,cm 

CONSTANT 
(T&Gs) 

K 
DIAM. 
(mm) 

LOG %TOTAL 
DIAM SAMPLE 

45.9% 
39.5% 
31.6% 
26.0% 
16.9% 
13.2% 
9.2% 
6.1% 

10.227 
10.883 
11.703 
12.277 
13.261 
13.671 
14.163 
14.245 

0.01348 
0.01348 
0.01348 
0.01348 

0.01332 
0.01332 
0.01317 
0.01365 

0.0431 
0.0257 
0.0163 
0.0106 
0.0063 
0.0045 
0.0024 
0.0013 

-137 12.2% 
-139 10.5% 
-1.79 8.4% 
-1.98 6.9% 
-2.20 4.5% 
-235 3.5% 
-2.62 2.4% 
-2.87 1.6% 

REVIEWED BY: 

GOLDER ASSOCIATES INC 
GEOTECHNICAL TESTING LABORATORY 
REDMOND. WASHINGTON 



worksheet for hydrometer and sieve' ~i 

ASTM D-421 
WORKSHEET FOR MOISTURE CONTENT OF SOILS 

I ASTM D-2216 
—> upDATED 11/26/91 BY D. OSTFP 
PART B: SEPARATION OF FRACTIONS 

IWFIC WT r«;TAL SAMPLE + TARE- AIR DRY (g): 
WEIGHT OF AIR DRY TARE (e): 
WEIGHT OF -#10 TARE (g): 

WEIGHT OF -#10 FRACTION + TARE (.)• 
WEIGHT OF -#10 FRACTION, AIR DRY (EV 
WEIGHT OF +#10 FRACTON. AIR DRY (EV 
OVEN DRY WEIGHT OF FINES (g): 

°^N DRY WEIGHT OF COARSE FRACTION (gV 
OVEN DRY WEIGHT OFTOTA. ^ 

PART A: NATURAL MOISTURE 

1250.40 
107.14 
107.14 
293.96 
186.82 

956.44 
173 JO 
915.24 

1088.54 

TARE#: 
TARE (g): 
MOIST WT.(g): 
OVEN DRY WT(g)-
W%: 

PARTE: SIEVE OF+#10 

CUM PERCENT 
WEIGHT FINER 

PART F: HYDROMETER TEST ON FINE FRACTION 

HYDROMETER TYPE: 
HYDROMETER NUMBER: 
BEAKER NUMBER: 
FLASK NUMBER: 
SPECIFIC GRAVITY: 
PORTION TESTED: 
MOIST WT. OF SOIL (g): 
CORRECTED DRY WT(g): 

|Rm: 

STANDARD SOLUTION 
ZERO CORRECTION 

136.69 
136.69 
258.73 
448.13 
634.56 
838.7 
940.8 

1025J 

100.0% 
88.8% 
71.4% 
54.3% 
35.5% 
26.1% 
18.3% 

152H 
15-1515 

13 
8 

2.65 
-#I0 

1 78.03 
72.38 

1 

TEMP. READ. 
26.3 4.0 
19.1 6.5 

PART G: SIEVE OF-#10 

CUM PERCENT 
WEIGHT FINER 

TARE (g) 
#20 
#40 
#60 

#100 
#200 

136.61 
159.62 
179.11 
189.95 
195.34 
197.91 

68.2% 
41.3% 
26.3% 
18.9% 
15.3% 

D MR M 

12 10 6 
12 10 7 
12 10 9 
12 10 14 
12 10 26 
12 11 6 
12 13 6 
12 18 6 
13 9 6 

ELAI'SED 
TIME TEMP, HYDRO 
(min.) fci READING 

TARE #: 
TARE (g): 
MOIST WT.(g): 
OVEN DRY WT(eV 
W%: 

100 
77.85 

185.61 
177,81 

FINAL RESULTS 

GRAIN PERCENT 
SIZE FINER 

3" 
2" 

1" 

3/4" 
3/8" 
#4 

#10 
#20 
#40 
#60 

#100 
#200 
0.0490 
0.0288 
0.0180 
0.0115 
0.0067 
0.0039 
0.0024 
0.0014 

100.0% 

88.8% 
71.4% 
54.3% 
35.5% 
26.1% 
18.3% 
12.5% 
7.6% 
4.8% 
3.5% 
2.8% 

2.8% 
2,0% 
1.4% 
0.9% 
0.4% 
0.3% 
0.2% 
0.0% 

CORR. CORR. 
FACTOR FACTOR % 

t 

EFF. 
FINER DEPTH 

L,cm 

7.8% 

TARE #; 
TARE(g); 

MOIST WT.(g): 

OVEN DRY WT (E): 

W%: 

B 
155.86 
1112.3 
1071.1 

4.5% 

BORING: 
SAMPLE: 
DEPTH: 

SCSS-900 

COLOR: 
| Olive black (5 Y 2/11. 

DESCRIPTION: 

|c-f GRAVEL, some c-f sand, 
| trace clayey silt. (GP1. 

USCS: GP 

D10: 0.60 
D30: 6.3 
D60: 21 
Cu: 35.0 
Cz: 3.2 

PbSnumbb* SSSST" SED,MENT"D 

I I bCHNICIAN: MP 

0.01332 
0.01332 
0.01348 
0.01348 

0.01348 
0.01348 
0.01348 
0.01382 

DIAM. 
(mm) 

0.0490 
0.0288 

0.0180 

0.0115 
0.0067 
0.0039 
0.0024 
0.0014 

LOG %TOTAL 
P1AM SAMP1.F. 

DATE: 
REVIEWED RY-

GOLDER ASSOCIATES INC. 

GEOTECHNICAL TESTING LABORAT^fc 
REDMOND, WASHINGTON 



VV l iKKS I I I  I IVKKOMI I I :K ANDMI Vr; 
AS (MOMITIT) I'OK TEMPERATURE CI IANGE) 

WORKSHECTBRCDRY PREPARATION OF SOILS 
AS'I M D 421 

WORKSIIEET FOR MOISTURE CONTENT OF SOILS 
ASTM D-2216 
UPDATED 11/26/91 BY D. OSTER 

PART B: SEPARATION OF FRACTIONS 

PARI A NATIIRAI M< 

TARE #: 
TARE (g): 
MOIST WT.(g): 
OVEN DRY WT (g): 
W%: 

PAR 11. #10 MOISTURE PARTI): 1 #10 MOISTTIKI 

TARE #: 26 TARE #: m 
TARE (g): 76.28 TARE (g): 69.68 
MOIST WT.(g): 239.19 MOIST WT.(g): 477.3 
OVEN DRY WT(g): 226.64 OVEN DRY WT(g): 454.7 
W%: 83% W%: 5.9% 

WEIGHT TOTAL SAMPLE + TARE, AIR DRY (g): 
WEIGHT OF AIR DRY TARE (g): 
WEIGHT OF -#10 TARE (g): 
WEIGHT OF-#10 FRACTION + TARE (g): 
WEIGHT OF -#10 FRACTION, AIR DRY (g): 
WEIGHT OF +#10 FRACTON, AIR DRY (g): 
OVEN DRY WEIGHT OF FINES (g): 
OVEN DRY WEIGHT OF COARSE FRACTION (g): 
OVEN DRY WEIGHT OF TOTAL SAMPLE (g): 

852.70 
107.11 
107.11 
445.04 

PARTE; SIEVE OF+#10 

CUM PERCENT 
WEIGHT FINER 

337.93 
407.66 
311.90 
385.02 
696.92 

PART F: HYDROMETER TEST ON FINE FRACTION 

TARE (g) 
3" 
2" 

1" 

3/4" 
3/8" 
#4 
#10 

136.60 
136.60 
136.60 
163.85 
212.34 
314.22 
411.57 
481.02 

100.0% 
100.0% 
96.1% 
89.1% 
74.5% 
60.5% 
50.6% 

HYDROMETER TYPE: 
HYDROMETER NUMBER: 
BEAKER NUMBER: 
FLASK NUMBER: 
SPECIFIC GRAVITY: 
PORTION TESTED: 
MOIST WT. OF SOIL (g): 
CORRECTED DRY WT (g): 
Rm: 

STANDARD SOLUTION 
ZERO CORRECTION 

152H 
15-1515 

4 
9 

3.02 
-#10 

69.84 
64.46 

1 

TEMP. READ. 
26.3 4.0 
19.1 63 

PARTG: SIEVE OF-#10 

CUM PERCENT 
WEIGHT FINER 

TARE (g) 
#20 
#40 
#60 

#100 
#200 

136.61 
143.03 
151.83 
161.00 

166.52 
170.29 

90.0% 
76.4% 
62.2% 

53.6% 

D HR M 

ELAPSED ZERO CORR. CORR. 
TIME TEMP. HYDRO CORR. FACTOR FACTOR 

(min.) (C) READING (CONT.) t a 

FINAL RESULTS 

GRAIN PERCENT 
SIZE FINER 

3" 
2" 

1" 

3/4" 
3/8" 
#4 
#10 
#20 
#40 
#60 
#100 
#200 
0.0443 
0.0270 
0.0171 
0.0111 
0.0065 
0.0038 
0.0024 
0.0014 

100.0% 
100.0% 
96.1% 
89.1% 
74 3% 
60.5% 
50.6% 
45.5% 
38.6% 
31.4% 
27.1% 
24.2% 
18.8% 

13.0% 
9.4% 
7.8% 
5.2% 
3.3% 
1.2% 
0.2% 

BORING: 
SAMPLE: 
DEPTH: 

SCSS-1200 

COLOR: 
| Olive black (5 Y 2/1), 

DESCRIPTION: 
c-f GRAVEL and c-f SAND,, 
some clayey silt, (GM). 

USCS: |GM | 

LL: 
PL: 
PI: 

D10 
D30 
D60 
Cu: 
Cz: 

N/A 
N/A 
N/A 
N/A 
N/A 

EFF. 
% FINER DEPTH 

L.cm 

CONSTANT 
(T&Gs) 

K 
DIAM. 
(mm) 

LOG %TOTAL 
DIAM SAMPLE 

12 10 17 0 0.0 
12 10 18 0 1.0 22.1 31.0 
12 10 20 0 3.0 22.1 23.0 
12 10 25 0 8.0 22.0 18.0 
12 10 37 0 20.0 21.9 16.0 
12 11 17 0 60.0 21.7 12.5 
12 13 17 0 180.0 21.6 10.0 
12 18 7 0 470.0 21.8 7.0 
13 9 17 0 1380.0 19.4 7.0 

5.5 0.4 0.9 373% 11.047 0.01332 0.0443 -1.35 18.8% 
53 0.4 0.9 25.8% 12.359 0.01332 0.0270 -1.57 13.0% 
S3 0.4 0.9 18.5% 13.179 0.01332 0.0171 -1.77 9.4% 
53 0.2 0.9 153% 13307 0.01348 0.0111 -1.96 7.8% 
5.6 0.2 0.9 10.2% 14.081 0.01348 0.0065 -219 5.2% 
5.6 0.2 0.9 6.6% 14.491 0.01348 0.0038 -242 3.3% 
5.6 0.2 0.9 24% 14.983 0.01348 0.0024 -262 1.2% 
6.4 -03 0.9 0.4% 14.983 0.01382 0.0014 -284 0.2% 

PROJECT: MONASNTO/RI/FS SEDIMENT/ID 
PROJECT NUMBER: 923-1101.603 
TECHNICIAN: MF 

DATE: 1-10-93 
REVIEWED BY: DPO 

GOLDER ASSOCIATES INC 
GEOTECHNICAL TESTING LABORATORY 
REDMOND, WASHINGTON 



W( IKK',I II I IK ||( 11 <! | i|(i IMI I I K ANIl Ml ,VI' 
ASTMUml (MODIFIED |.'or TEMPERATURE CI IANGE) 

WORKSHEET FOR DRY PREPARATION OF SOILS 
ASTM D-421 

WORKSHEET FOR MOISTURE CONTENT OF SOILS 
ASTM D-2216 
UPDATED 11/26/91 BY D. OSTER 

PART B: SEPARATION OF FRACTIONS 

WEIGHT TOTAL SAMPLE + TARE, AIR DRY (e): 
WEIGHT OF AIR DRY TARE (g): 
WEIGHT OF -#10 TARE (g): 
WEIGHT OF -#10 FRACTION + TARE (g): 
WEIGHT OF -#10 FRACTION, AIR DRY (g): 
WEIGHT OF +#10 FRACTON, AIR DRY (g): 
OVEN DRY WEIGHT OF FINES (g): 
OVEN DRY WEIGHT OF COARSE FRACTION (g)-
OVEN DRY WEIGHT OF TOTAL SAMPLE Cg): 

337.68 
107.10 
107.10 
325.34 
218.24 
12.34 

204.98 
11.73 

216.71 

PART F: HYDROMETER TEST ON FINE FRACTION 

HYDROMETER TYPE: 
HYDROMETER NUMBER: 
BEAKER NUMBER: 
FLASK NUMBER: 
SPECIFIC GRAVITY: 
PORTION TESTED: 
MOIST WT. OF SOIL (g): 
CORRECTED DRY WT (g): 
Rm: 

STANDARD SOLUTION 
ZERO CORRECTION 

D HR M 

22 10 56 
22 10 57 
22 10 59 
22 11 4 
22 11 16 
22 11 56 
22 12 56 
22 17 44 
23 11 21 

0 
0 
0 
0 
0 
0 
0 
0 
0 

152H 
15-1515 

4 
9 
2.56 

-#10 
66.61 
62.56 

1 

TEMP. READ. 
27.0 6.0 
19.4 8.0 

ELAPSED 
TIME TEMP. HYDRO 
(min.) (C) READINC 

0.0 
1.0 21.4 40.0 
3.0 21.4 36.0 
8.0 21.5 30.0 

20.0 21.7 27.0 
60.0 22.0 22.0 

120.0 22.6 19.0 
408.0 23.3 14.0 

1465.0 20.5 12.5 

PROJECT: 
PROJECT NUMBER: 
TECHNICIAN: 

MONASNTO/RI/FS SEDIMENT/ID 
923-1101.603 
MF 

P A R I  A :  N A T U R A L  

TARE #: 
TARE (g): 
MOIST WT.(g): 
OVEN DRY WT(g): 
W%: 

1*1* '1.1 1 

PART E: SIEVE OF +#10 

CUM PERCENT 
WEIGHT FINER 

TARE (g) 76.28 
3" 76.28 100.0% 
2" 76.28 100.0% 
1" 76.28 100.0% 

3/4" 76.28 100.0% 
3/8" 76.28 100.0% 
#4 80.00 98.3% 

#10 86.59 95.2% 

PART G: SIEVE OF-#10 

CUM PERCENT 
WEIGHT FINER 

TARE (g) 73.38 
#20 75.86 96.0% 
#40 80.20 89.1% 
#60 84.86 81.7% 

#100 88.81 75.3% 
#200 93.09 68.5% 

ZERO CORR. CORR. 
CORR. FACTOR FACTOR 

(CONT.) t a 

PART V: -# 10 MOISTURE 

TARE #: 
TARE (g): 
MOIST WT.(g): 
OVEN DRY WT (g): 
W%: 

89.96 
231.22 
222.64 

6.5% 

7.5 
7.5 
7.4 
7.4 
7.3 
7.2 
7.0 
7.7 

0.2 
0.2 

0.2 
0.2 
0.4 
0.4 
0.7 
0.0 

1.0 
1.0 
1.0 
1.0 
1.0 
1.0 

1.0 
1.0 

DATE: 
REVIEWED BY: 

1-10-93 
DJ 

FINAL RESULTS 

GRAIN PERCENT 
SIZE FINER 

3". 
2" 

1" 

3/4" 
3/8" 
#4 

#10 
#20 
#40 
#60 
#100 
#200 
0.0417 
0.0249 
0.0160 
0.0103 
0.0061 
0.0044 
0.0024 
0.0013 

100.0% 

100.0% 

100.0% 

100.0% 

100.0% 

98.3% 
95.2% 
91.5% 
84.9% 
77.8% 
71.8% 

65.2% 
50.7% 
44.5% 
353% 
30.7% 
23.4% 
19.0% 
12.0% 
7.4% 

EFF. 
'FINER DEPTH 

L,cm 

53.2% 
46.7% 
37.0% 
32.2% 
24.5% 
19.9% 
12.6% 
7.8% 

9.571 
10.227 
11.211 
11.703 
12.523 

13.015 
13.835 
14.081 

PARTI): I #10 MOISTURE 

TARE #: 
TARE (g): 
MOIST WT.(g): 
OVEN DRY WT(g): 
W%: 

26 
76.26 
88.60 
87.99 
5.2% 

BORING: 
SAMPLE: 
DEPTH: 

SCSS-2400 

COLOR: 
| Brownish black (5 YR 2/1), 

DESCRIPTION: 
CLAYEY SILT and m-f SAND, 
trace f gravel, (ML). 

USCS: | ML | 

LL-
PL: 
PI: 

D10 
D30 
D60 
Cu: 
Cz: 

N/A 
N/A 
N/A 
N/A 
N/A 

DIAM. 
(mm) 

LOG %TOTAL 
DIAM SAMPLE 

0.01348 
0.01348 
0.01348 
0.01348 
0.01332 
0.01332 
0.01317 
0.01365 

0.0417 -1.38 50.7% 
0.0249 -1.60 44.5% 
0.0160 -1.80 35.3% 
0.0103 -1.99 30.7% 
0.0061 -2.22 23.4% 
0.0044 •236 19.0% 
0.0024 -2.62 12.0% 
0.0013 -2.87 7.4% 

GOLDER ASSOCIATES INC 
GEOTECHNICAL TESTING LABO 
REDMOND. WASHINGTON 



W( >KKM lll^^tlK IIVDKl (METER AND SIEVE 

AS'̂ ^122 (MODIFIED I OR TEMPERATURE CHANGE) 
WORKSI ll-lJPm DRY PREPARATION OF SOILS 

AS I'M D-421 
WORKSHEET FOR MOISTURE CONTENT OF SOILS 

ASTM D-2216 
UPDATED 11/26/91 BY D. OSTER 

PART B: SEPARATION OF FRACTIONS 

WEIGHT TOTAL SAMPLE + TARE, AIR DRY (g): 
WEIGHT OF AIR DRY TARE (g): 
WEIGHT OF -# 10 TARE (g): 
WEIGHT OF -#10 FRACTION + TARE (g): 
WEIGHT OF -#10 FRACTION, AIR DRY (g): 
WEIGHT OF +#10 FRACTON, AIR DRY (g): 
OVEN DRY WEIGHT OF FINES (g): 
OVEN DRY WEIGHT OF COARSE FRACTION (g): 
OVEN DRY WEIGHT OF TOTAL SAMPLE (el: 

333.28 
107.11 
107.11 
333.28 
226.17 

0.00 
219.46 

0.00 
219.46 

PART F: HYDROMETER TEST ON FINE FRACTION 

HYDROMETER TYPE: 
HYDROMETER NUMBER: 
BEAKER NUMBER: 
FLASK NUMBER: 
SPECIFIC GRAVITY: 
PORTION TESTED: 
MOIST WT. OF SOIL (g): 
CORRECTED DRY WT (g): 
Rm: 

STANDARD SOLUTION 
ZERO CORRECTION 

152H 
15-1515 

3 
7 

2.40 
-#10 

69.06 
67.01 

1 

TEMP. READ. 
26.3 4.0 
19.1 6.5 

ELAPSED 
TIME TEMP. HYDRO 
(min.) (O READING 

PART A:' NATURAL 

TARE #: 
TARE (g): 
MOIST WT. (g): 
OVEN DRY WT(g): 
W%: 

CUM PERCENT 
WEIGHT FINER 

TARE(g) 
3" 
2" 

1" 

3/4" 
3/8" 
#4 
#10 

0.00 

0.00 
0.00 
0.00 
0.00 

0.00 

0.00 
0.00 

100.0% 
100.0% 
100.0% 
100.0% 
100.0% 
100.0% 
100.0% 

PART G: SIEVE OF-#10 

CUM PERCENT 
WEIGHT FINER 

TARE(g) 136.65 
#20 137.03 99.4% 
#40 137.96 98.0% 
#60 139.56 95.7% 
#100 143.69 89.5% 
#200 151.60 77.7% 

ZERO CORR. CORR. 
CORR. FACTOR FACTOR 

12 

12 
12 
12 
12 

12 
12 

12 
13 

9 
9 
9 

10 
10 
10 
12 
17 
9 

55 
56 
58 
3 

15 
55 
55 
55 
55 

0.0 
1.0 21.8 45.0 
3.0 21.8 31.5 
8.0 21.7 25.5 

20.0 21.6 19.0 
60.0 21.6 15.5 

180.0 21.6 \13 
480.0 21.8 93 

1440.0 19.2 9.0 

5.6 0.2 1.1 
5.6 0.2 1.1 
5.6 0.2 1.1 
5.6 0.2 1.1 
5.6 02 1.1 
5.6 0.2 1.1 
5.6 0.2 1.1 
63 •03 1.1 

PROJECT: 
PROJECT NUMBER: 
TECHNICIAN: 

MONASNTO/RI/FS SEDIMENT/ID 
923-1101.603 
MF 

DATE: 
REVIEWED BY: 

1-10-93 
DPO 

PARTC: -#10 MOISTURE 

TARE #: 
TARE (g): 
MOIST WT.(g): 
OVEN DRY WT(g): 
W%: 

S-I 
70.06 

136.75 
134.77 

FINAL RESULTS 

GRAIN PERCENT 
SIZE FINER 

3" 100.0% 
2" 100.0% 
1" 100.0% 

3/4" 100.0% 
3/8" 100.0% 
#4 100.0% 
#10 100.0% 
#20 99.4% 
#40 98.0% 
#60 95.7% 
#100 89.5% 
#200 77.7% 
0.0399 62.1% 
0.0258 41.0% 
0.0165 31.5% 
0.0109 21.3% 
0.0064 15.8% 
0.0038 11.1% 
0.0023 6.5% 
0.0014 33% 

PAR I' D: + # 10 MOISTURE! 

TARE #: 
TARE (g): 
MOIST WT.(g): 
OVEN DRY WT(g): 
W%: 

EFF. 
% FINER DEPTH 

L,cm 

BORING: 
SAMPLE: 
DEPTH: 

COLOR: 

MSSS-100 

I Brownish black (5 YR 2/11. 

DESCRIPTION: 
CLAYEY SILT, some f sand, 
(ML). 

USCS: | ML | 

LL-
PL: 
PI: 

D10: 
D30: 
D60: 
Cu: 
Cz: 

N/A 
N/A 
N/A 
N/A 
N/A 

CONSTANT 
(T&Gs) 

K 
DIAM. 
(mm) 

LOG %TOTAL 
DIAM SAMPLE 

62.1% 8.751 0.01348 
41.0% 10.965 0.01348 
31.5% 11.949 0.01348 
21.3% 13.015 0.01348 
15.8% 13.589 0.01348 
11.1% 14.081 0.01348 

6.5% 14.573 0.01348 
3.5% 14.655 0.01382 

0.0399 
0.0258 
0.0165 
0.0109 
0.0064 
0.0038 
0.0023 
0.0014 

-1.40 
-1.59 
-1.78 
-1.96 
-2.19 
-2.42 
-2.63 
-2.86 

62.1% 
41.0% 
31.5% 
21.3% 
15.8% 
11.1% 

6.5% 
33% 

GOLDER ASSOCIATES INC 
GEOTECHNICAL TESTING LABORATORY 
REDMOND, WASHINGTON 



SAMPLE 

1 

Pycnometer number LO 2 

Temperature at weighings (°C) f Z-. * 

Weight flask + soil + water (W^) I C Q  7  6  

Weight flask + water (Wa) 

(Wa-Wb) •  " i V -

Evaporating dish number q 

Weight dish + dry soil 

Weight dish 0 

Weight dry soil (Wo) 
/ <9 f> / " (.Z & 

Temperature factor (K) . c-.r- .AC. 

..... Wo II W..WW. w V\̂  + (VyJ- v\y ^11 

Go/20°c ^ . K 
S %+(Wa-\Ay 

v- /'. '• 

Comments: 

Figure 

SPECIFIC GRAVITY DETERMINATION, ASTM D854 

project 
project no.. . Ode. . Tested B y .  . Approved B, jQl) 7§) Golder Associates 



SAMPLE 
0 lio 

Pycnometer number L(P? 

Temperature at weighings (®C) z i, i \  

Weight flask + soil + water (W^) (oc\~lac\ 

Weight flask + water (Wa) 
56" 

(Wa-Wb) 
- '.0.34 

Evaporating dish number 6 A 

Weight dish + dry soil 6'i 

Weight dish 

Weight dry soil (W0) (*c& 

Temperature factor (K) 

Gs/control temperature Wo 
%+(Wa-\Ay 

Gs/20°C Wo 
%+(wa-\Ay 

• K ? 6«~ 

Comments: 

Figure 
SPECIFIC GRAVITY DETERMINATION, ASTM D854 



SAMPLE 

Pycnometer number 

Temperature at weighings (®C) 

Weight flask + soil + water 

Weight flask + water (Wa) 

(Wa-Wb) 

Evaporating dish number 

Weight dish + dry soil 

Weight dish 

Weight dry soil (W0) 

Temperature factor (K) 

l  o  z o i  

~zT.i~ 
no ,1 

T OZ.%6 

-Hi1' 6 

y 

( g . o  M 

o 

66, cm 

Gs/control temperature ^ Wo 
%+(wa-v\y 

GS/20°C = Wo 
%+(wa-v\y *K ; -2 

Comments: 

Figure 
SPECIFIC GRAVITY DETERMINATION, ASTM D854 

Projaa 
Projea No.. . Dot*. 

. ApproradBy. sg) Golder Associates 



SAMPLE -IHOD 

Pycnometer number 

Temperature at weighings (®C) 
' ~u,b' 
27 1 

Weight fiask + soil + water (Wfa) 

Weight flask + water (Wa) 

(Wa-Wb) 

&-? 

7, C £ M 

- L'C 

Evaporating dish number 

Weight dish + dry soil 

Weight dish 

l b * l &  

0 

Weight dry soil (W0) 
£ *5 -

Temperature factor (K) 
^ G 

G$/control temperature • Wo 

vV(wa-Wfc) 

r?«/9ner _ Wo 
%+(wa-v\y 

• K 7 "O 

Comments: 

Figure 
SPECIFIC GRAVITY DETERMINATION, ASTM D854 

Pmjea N Ov-' 
projea 

f < 1 • 'V ^ .  1 V ^ 



SAMPLE !M j ' j  

Pycnometer number 

Temperature at weighings (°C) 

Weight flask + soil + water (WJ 

Weight flask + water (Wa) 

(Wa-Wb) 

Evaporating dish number 

Weight dish + dry soil 

Weight dish 

Weight dry soil (W0) 

Temperature factor (K) 

io  7 r 

IB 

2. 

bin;  

iz 

o 

Gs/control temperature > Wo 
%+(Wa-wy 

GS/20°C: Wo 
%+(Wa-V^ • K 

Comments: 



lu ^ 
^•L(MOD,FIED FOR TEMPERATURE CHANGE) 
T^PbRY PREPARATION OF SOILS 
a n_ii?i 

WUKKSI IhliT FOR HYDROMETER AND siEVE 
ASTMl""" 

WORKSHEET* 
ASTM D-421 

WORKSHEET FOR MOISTURE CONTENT OF SOILS 
ASTM D-2216 
UPDATED 11/26/91 BY D. OSTER 

PART B: SEPARATION OF FRACTIONS 

WEIGHT TOTAL SAMPLE + TARE, AIR DRY (B): 

WEIGHT OF AIR DRY TARE (g): 
WEIGHT OF -#10 TARE (g): 
WEIGHT OF-#10 FRACTION + TARE (g): 
WEIGHT OF -#10 FRACTION, AIR DRY (g): 
WEIGHT OF + #10 FRACTON, AIR DRY (g): 
OVEN DRY WEIGHT OF FINES (g): 
OVEN DRY WEIGHT OF COARSE FRACTION (g): 
OVEN DRY WEIGHT OF TOTAL SAMPLE (el: 

t o '  f .  

0.00 
0.00 

ERR 
ERR 
ERR 

1S2H 
15-1515 
T" 1 

PART F: HYDROMETER TEST ON FINE FRACTION 

HYDROMETER TYPE: 
IYDROMETF.R NUMBER: 

BEAKER NUMBER: 
FLASK NUMBER: 
SPECIFIC GRAVITY: 
I'ORTION TESTED: 
MOIST WT. OF SOIL (g): 
CORRECTED DRY WT (g): 
Rm: 

STANDARD SOLUTION 
ZERO CORRECTION 

-#10 

PART A: NATURAL MOlj 

TARE#: 
TARE(g): 
MOIST WT.(g): 
OVEN DRY WT(g): 
W%: 

PARTE: SIEVE OF+# 10 

CUM PERCENT 
WEIGHT FINER 

TARE (g) 
3" 
2" 

1" 

3/4" 
3/8" 
#4 

#10 

oy> 

z^o.t l  
'btl.t/S 
£LO_iq 

ERR 
ERR 
CRR 
ERR 
ERR 
ERR 
ERR 

PART G: SIEVE OF #10 

CUM PERCENT 
WEIGHT FINER 

FINAL RESULTS 

GRAIN PERCENT 
SIZE FINER 

3" ERR 
2" ERR 
1" ERR 

3/4" ERR 
3/8" ERR 
#4 ERR 

#10 ERR 
#20 ERR 
#40 ERR 
#60 ERR 
#100 ERR 
#200 ERR 

ERR ERR 
ERR ERR 
ERR ERR 
ERR ERR 
ERR ERR 
ERR ERR 
ERR ERR 
ERR ERR 

BORING: 
SAMPLE: 
DEPTH: 

COLOR: 

| bietck /V/ft ~/J I) | 

DESCRIPTION: 

, ; - ; I f ' v i  r r  j  y / - j  

USCS: 

PL 
PI: 

D10: 
D30: 
D60: 
Cu: 
Cz: 

EFF. CONSTANT 
FINER DEPTH (T&Gs) 

L,cm k 
DIAM. LOG 9&TOTAL 

DIAM SAMPLE 

^>H 
T.V.'A ' l>z 
2i .T 7 "7 

• ^ 
n.e; 

TLT-L, 1 rr 
z/viy \z-
XO.^ 1 \  "o 

16.131 
16.131 
16.131 
16.131 
16.131 
16.131 
16.131 
16.131 

ERR 
ERR 
ERR 
ERR 
ERR 
ERR 
ERR 
ERR 

ERR 
ERR 
ERR 
ERR 
ERR 
ERR 
ERR 
ERR 

ERR 
ERR 
ERR 
ERR 
ERR 
ERR 
ERR 
ERR 

ERR 
ERR 
ERR 
ERR 
ERR 
ERR 
ERR 
ERR 

PROJECT: 
PROJECT NUMBER: 
TECHNICIAN: 

ho^c,a^) "RT VS 

DATE: 
REVIEWED BY: -frao 

GOLDER ASSOCIATES INC 
GEOTECHNICAL TESTING LABORATORY 
REDMOND. WASHINGTON 



WOUKSI LL-L-T FOIL 11 YULTOMHTFIL AND SIEVE 
ASTM D-422 (MODIFIED FOR TEMPERATURE CHANGE) 

WORKSHEET FOR DRY PREPARATION OF SOILS 
ASTM D-421 

WORKSHEET FOR MOISTURE CONTENT OF SOILS 
ASTM D-2216 
UPDATED 11/26/91 BY D. OSTER 

PART B: SEPARATION OF FRACTIONS 

WEIGHT TOTAL SAMPLE + TARE, AIR DRY (g): 
WEIGHT OF AIR DRY TARE (g): 
WEIGHT OF #10 TARE (g): 
WEIGHT OF -#10 FRACTION + TARE (g): 
WEIGHT OF -#10 FRACTION, AIR DRY (g): 
WEIGHT OF + #10 FRACTON, AIR DRY (g): 
OVEN DRY WEIGHT OF FINES (g): 
OVEN DRY WEIGHT OF COARSE FRACTION (g): 
OVEN DRY WEIGHT OF TOTAL SAMPLE (g): 

<•19oy\ 
t on.1 

0.00 
0.00 

ERR 
ERR 
ERR 

PART F: HYDROMETER TEST ON FINE FRACTION 

HYDROMETER TYPE: 
HYDROMETER NUMBER: 
BEAKER NUMBER: 
FLASK NUMBER: 
SPECIFIC GRAVITY: 
PORTION TESTED: 
MOIST WT. OF SOIL (g): 
CORRECTED DRY WT (g): 
Rm: 

STANDARD SOLUTION 
ZERO CORRECTION 

152H 
15-1515 

* 
-#10 

ERR 
1 

TEMP. READ. 

ELAPSED 
TIME TEMP. HYDRO 
(min.) (C) READING 

PART A: NA TURAL MOISTURE 

TARE #: 
TARE (g): 
MOIST WT.(g): 
OVEN DRY WT (g): 
W96: 

CUM 
WEIGHT 

PERCENT 
FINER 

TARE (g) 
3" ERR 
r 7 ERR 
1" ERR 

3/4" ERR 
3/8" y3£>»7 ERR 
#4 WO. £) ERR 
#10 IOZS . ERR 

PARTO: SIEVE OF #10 

CUM PERCENT 
WEIGHT FINER 

TARE (g) ^ J 
#20 . ERR 
#40 oc< * \ 1 ERR 
#60 ERR 

#100 lA-S. ERR 
#200 1 ERR 

ZERO CORR. CORR. 
CORR. FACTOR FACTOR 

(CONT.) 1 a 

PART C: -#10~MOISTURE 

TARE #: 
TARE (g): 
MOIST WT.(g): 
OVEN DRY WT (g): 
W%: 

I OQ 

i i  

ITl.-Sl 

FINAL RESULTS 

GRAIN PERCENT 
FINER 

ERR 
ERR 
ERR 
ERR 
ERR 
ERR 
ERR 
ERR 
ERR 
ERR 
ERR 
ERR 
ERR 
ERR 
ERR 
ERR 
ERR 
ERR 
ERR 
ERR 

SIZE 

3" 
2" 

1" 

3/4" 
3/8" 
#4 

#10 
#20 
#40 
#60 
#100 

#200 
ERR 
ERR 
ERR 
ERR 
ERR 
ERR 
ERR 
ERR 

EFF. 
FINER DEPTH 

L,cm 

PART D: + #10 MOISTURE 

TARE #: P» 
TARE(g): 
MOIST WT. (g): 
OVEN DRY WT(g): ">lt .  i 
W%: ERR 

BORING: 
SAMPLE: 
DEPTH: 

COLOR: 

1c 

I VpWis (•/ 2,/i\ 

DESCRIPTION: 

USCS: 

LL: 
PL: 
PI: 

D10: 
D30: 
D60: •Z\ 
Cu: 
Cz: 

CONSTANT 
(T&Gs) 

K 

,,R0JE^ 1 -R-r 
PROJECT NUMBER: H | *5, -11 O | . (c(Jf 
TECHNICIAN: Kv / W t> 

DATE: 
REVIEWED BY: 

I -
GOLDER ASSOCIATES INC. 
GEOTECHNICAL TESTING LABORA' 
REDMOND. WASHINGTON 



!•I^K HYDROMETER AND SIEVE 
(MODIFIED FOR TEMPERATURE CHANGE) 

v nnfrn * n A '1*1 r«&« an <• » •• _ 

WOUKSIII'I 
AS'I 

WORKSHEE"^^DRY PREPARATION OF SOILS 
ASTM D-421 

WORKSHEET FOR MOISTURE CONTENT OF SOILS 
ASTM D.2216 
UPDATED 11/26/91 BY D. OSTER 

PART B: SEPARATION OF FRACTIONS 

WEIGHT TOTAL SAMPLE + TARE, AIR DRY (g): 
WEIGHT OF AIR DRY TARE (g): 
WEIGHT OF-if 10 TARE (g): 
WEIGHT OF -#10 FRACTION + TARE (g): 
WEIGHT OF -#10 FRACTION, AIR DRY (g): 
WEIGHT OF + #10 FRACTON, AIR DRY (g): 
OVEN DRY WEIGHT OF FINES (g): 
OVEN DRY WEIGHT OF COARSE FRACTION (g): 
OVEN DRY WEIGHT OF TOTAL SAMPLE (el: 

lo~t,> v 

0.00 
0.00 

ERR 
ERR 
ERR 

PART F: HYDROMETER TEST ON FINE FRACTION 

HYDROMETER TYPE: 
I IYDROMETF.il NUMBER: 
BEAKER NUMBER: 
FLASK NUMBER: 
SPECIFIC GRAVITY: 
PORTION TESTED: 
MOIST WT. OF SOIL (g): 
CORRECTED DRY WT (g): 
Rm: 

STANDARD SOLUTION 
7.1 iRO CORRECTION 

152H 
15-1515 

£ 
•#10 tor 

ERR 
1 

TEMP. READ. 

D HR M 

t 7. ! ) " •' 

• 
v. <•:-

1 < 

1 \ 
1 7 

11 

T"7— 
JLfc 

\ > U7 
4X 

ELAPSED 
TIME TEMP. HYDRO 
(min.) fC) READING 

PAR I A: NATURAL MO 

TARE #: 
TARE (g): 
MOIST WT.(g): 
OVEN DRY WT(g): 
W%: ERR 
PARTE: SIEVE OF+#10 

CUM PERCENT 
WEIGHT FINER 

TARE(g) 
3" 
r 
1" 

3/4" 
3/8" 
#4 

#10 

4-

JL1£lS=§§ 

M ) l> t7 

M£>V-o? 

ERR 
ERR 
ERR 
ERR 
ERR 
ERR 
ERR 

PARTG: SIEVE OF #10 

0 
0 
0 
0 
0 
0 
0 
0 
0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 

31 
*ZZ-I ZT, 
11~0 •ft 

•z ' -«T 1 (a 
1\-1 IZ-S' 
? \ . l  t ^ 
-L\ <2, C, 

CUM 
WEIGHT 

TARE (g) I V„ u1 
#20 03, 
#40 K !.€»•* 
#60 \ .co 

#100 ifofc. ?Z 
#200 

ZERO CORR. 
CORR. FACTOR 

(CONT.) 1 

ERR ERR 
ERR ERR 
ERR ERR 
ERR ERR 
ERR ERR 
ERR ERR 
ERR ERR 
ERR ERR 

ERR 
ERR 
ERR 
ERR 
ERR 

CORR. 

1-5 
U 
1.5 
1.5 
1.5 
1.5 
1.5 
1.5 

PARTC: -#10 Moisiimir 

TARE #: 
TARE(g): 
MOIST WT.(g): 
OVEN DRY WT(g): 
W%: 

il. 
2l±3. 
7^3 >cs 

ERR 

FINAL RESULTS 

GRAIN PERCENT 
SIZE FINER 

3" ERR 
2" ERR 
1" ERR 

3/4" ERR 
3/8" ERR 
#4 ERR 

#10 ERR 
#20 ERR 
#40 ERR 
#60 ERR 
#100 ERR 
#200 ERR 

ERR ERR 
ERR ERR 
ERR ERR 
ERR ERR 
ERR ERR 
ERR ERR 
ERR ERR 
ERR ERR 

"EFpr 
% FINER DEPTH 

L,cm 

P ART D: +#10 MOISTURE 

TARE #: 
TARE (g): 
MOIST WT.(g): 
OVEN DRY WT(g): 
W%: ERR 

BORING: 
SAMPLE: 
DEPTH: 

COLOR: 

SCSS- 1 ZOO 

1 ' J11- ( I . 1  V  ? ) >  )  

DESCRIPTION: 

1 f  ' A 
' . I 

USCS: Q 

LL-
PL-
PI: 

D10: 
D30: 
D60: 
Cu: 
Cr 

ERR 
ERR 
ERR 
ERR 
ERR 
ERR 
ERR 
ERR 

16.131 
16.131 
16.131 
16.131 
16.131 
16.131 
16.131 
16.131 

CONSTANT 
(T&Gs) 

K 

ERR 
ERR 
ERR 
ERR 
ERR 
ERR 
ERR 
ERR 

LOG %TOTAL 
D1AM SAMPLE 

ERR ERR ERR 
ERR ERR ERR 
ERR ERR ERR 
ERR ERR ERR 
ERR ERR ERR 
ERR ERR ERR 
ERR ERR ERR 
ERR ERR ERR 



WORKSHEET FOR HYDROMETER AND SIEVE 
ASTM D-122 (MODIFIED FOR TEMPERATURE CHANGE) 

WORKSHEET FOR DRY PREPARATION OF SOILS 
ASTM D-421 

WORKSHEET FOR MOISTURE CONTENT OF SOILS 
ASTM D-2216 
UPDATED 11/26/91 BY D. OSTER 

PART A: NATURAL MOISTURE 

TARE #: 
TARE (g): 
MOIST WT.(g): 
OVEN DRYWT(g): 
W%: ERR 

PART C: -#10 MOISTURE 

7T TARE #: 
TARE (g): 
MOIST WT.(g): 
OVEN DRYWT(g): 
W%: 

-Z^\,TZ 
-z 

ERR 

PART D: +#10 MOISTURE 

TARE #: 
TARE (g): 
MOIST WT.(g): 
OVEN DRY WT(g): 
W%: 

zg_ 

i£lk. 

£l2£ 
ERR 

PART B: SEPARATION OF FRACTIONS 

WEIOHT TOTAL SAMPLE + TARE, AIR DRY (g): 
WEIGHT OF AIR DRY TARE (g): 
WEIGHT OF #10 TARE (g): 
WEIGHT OF #10 FRACTION + TARE (g): 
WEIGHT OF -#10 FRACTION, AIR DRY (g): 
WEIGHT OF + #10 FRACTON, AIR DRY (g): 
OVEN DRY WEIGHT OF FINES (g): 
OVEN DRY WEIGHT OF COARSE FRACTION (g): 
OVEN DRY WEIGHT OF TOTAL SAMPLE (g): 

-> i l-£ 

kn. 

PARTE: SIEVE OF+#10 

CUM PERCENT 
WEIGHT FINER 

0.00 

0.00 

ERR 
ERR 
ERR 

PARTF: HYDROMETER TEST ON FINE FRACTION 

TARE (g) 
3" 
2" 

1" 

3/4" 
3/8" 
#4 
#10 

"16 

.%jl 

ERR 
ERR 
ERR 
ERR 
ERR 
ERR 
ERR 

HYDROMETER TYPE: 
I IYDROMETF.R NUMBER: 
BEAKER NUMBER: 
FLASK NUMBER: 
SPECIFIC GRAVITY: 
PORTION TESTED: 
MOIST WT. OF SOIL (g): 
CORRECTED DRY WT (g): 
Rm: 

STANDARD SOLUTION 
ZERO CORRECTION 

152H 
15-1515 

± 

#10 

PART G: SIEVE OF-#10 

ERR 
1 

TEMP. READ. 

CUM PERCENT 
WEIGHT FINER 

TARE (g) "r-.k 
#20 . cw(-> ERR 
#40 ' (  v .  7 o ERR 
#60 •v." ERR 
#100 ERR 
#200 ERR 

ZERO CORR. CORR. 
CORR. FACTOR FACTOR 

FINAL RESULTS 

GRAIN PERCENT 
SIZE FINER 

3" 
2" 

1" 

3/4" 
3/8" 
#4 
#10 
#20 
#40 
#60 

#100 

#200 
ERR 
ERR 
ERR 
ERR 
ERR 
ERR 
ERR 
ERR 

ERR 
ERR 
ERR 
ERR 
ERR 

ERR 
ERR 
ERR 
ERR 
ERR 
ERR 
ERR 
ERR 
ERR 
ERR 
ERR 
ERR 
ERR 
ERR 
ERR 

BORING: 
SAMPLE: 
DEPTH: 

COLOR: 
1 [ C c> - y j - c  i . ,  ( C  > V O / <  

DESCRIPTION: 

USCS: 

LL-
PL-
PI: 

D10: 
D30: 
D60: 
Cu: 
Cz: 

ELAPSED 
TIME TEMP. HYDRO 

EFF. 
> FINER DEPTH 

D 

CONSTANT 
(T&Gs) DIAM. LOG %TOTAL 

HR M S (min.) (C) READING (CONT.) I a L,cm K (mm) DIAM SAMPLE 

! • > 
; v ,• 

I-- f  
L-.r- 0 0.0 

0 0.0 Z I . M  X M O  ERR ERR 1.5 ERR 16.131 ERR ERR ERR ERR 
0 0.0 ~t \ .  '  \  ERR ERR 1.5 ERR 16.131 ERR ERR ERR ERR 

'A 0 0.0 1 .c-p 1- (D ERR ERR 1.5 ERR 16.131 ERR ERR ERR ERR 
1  6  0 0.0 z\n I 1 ERR ERR 1.5 ERR 16.131 ERR ERR ERR ERR 
lb 0 0.0 in n L'b ERR ERR 1.5 ERR 16.131 ERR ERR ERR ERR 

\ z  S  c 0 0.0 ERR ERR 1.5 ERR 16.131 ERR ERR ERR ERR o  U<-} 0 0.0 ERR ERR 1.5 ERR 16.131 ERR ERR ERR ERR 
\ , 7 \ 0 0.0 T-o ERR ERR 1.5 ERR 16.131 ERR ERR ERR ERR 

T 

PROJECT: 
PROJECT NUMBER: 
TECHNICIAN: 

\0 r^Q f \ 0 i  *RT 
^-hoi./c£7* 
f w r o v *  

DATE: 
REVIEWED BY: 

1- w-cix 
GOLDER ASSOCIATES INC. 
GEOTECHNICAL TESTING LABORATORY 
REDMOND. WASHINGTON 



WOKKSI Ililif FUR HYUKUMETCK AND SIEVE 

WORKSHF^r^HL(MOD1FIED FOR TEMPERATURE CHANGE) 
WORKSHEET^PbR Y PREPARATION OF SOILS 

ASTM D-421 

WORKSHEET FOR MOISTURE CONTENT OF SOILS 
ASTM D-2216 
UPDATED 11/26/91 BY D. OSTER 

PART B: SEPARATION OF FRACTIONS 

WEIGHT TOTAL SAMPLE + TARE, AIR DRY /«)• 
WEIGHT OF AIR DRY TARE (g): ,A'KURY(g)-

WEIGHT OF-#I0TARE (g): 
WEIGHT OF -#10 FRACTION + TARE (g): 
WEIGHT OF -#10 FRACTION, AIR DRY (e): 
WEIGHT OF + #10 FRACTON, AIR DRY (sY 
OVEN DRY WEIGHT OF FINES (g)-
OVEN DRY WEIGHT OF COARSE FRACHON 
OVENDRY WF.1GHTOFTOTA1.SAMP. 

i  O T . t l  
'o'? •'< 
vrt .  j  q  

PART F: HYDROMETER TEST ON FINE FRACTION 

HYDROMETER TYPE: 
IYDROMETF.R NUMBER: 

ULiAKliK NUMBER: 
FLASK NUMBER: 
SPECIFIC GRAVITY: 
PORTION TESTED: 
MOIST WT. OF SOIL (g): 
CORRECTED DRY WT (g): 
RID: 

STANDARD SOLUTION 
ZERO CORRECTION 

1S2H 
15-1515 

-b 

#10 

TEMP. READ. 

HR 

\o 

M 

ELAPSED 

TIME TEMP. HYDRO 
(C) READING 

PROJECT: 

PROJECT NUMBER 
TECHNICIAN-

rSdAtil TPr 

PART A: NATURAL MOIl 

TARE #: 
TARE(g): 
MOIST WT.(g): 
OVEN DRY WT(g): 
W%: 
PARTE: SIEVE OF+#10 

ERR 

CUM PERCENT 
WEIGHT FINER 

ERR 
ERR 
ERR 
ERR 
ERR 
ERR 
ERR 

I'ARTO: SIEVEOF-#IO 

CUM PERCENT 
WEIGHT FINER 

TARE (g) 
#20 . 
#40 
#60 

#100 
#200 

ZERO CORRT CORR. 
CORR. FACTOR FACTOR 

I 

ifo.fos-
wm.0%-

bSS 
i  s  1» too 

ERR 
ERR 
ERR 
ERR 
ERR 

PARTQ .#10 MOISTURE 

TARE #: 
TARE (G): 
MOIST WT.(g): 
OVEN DRY WT(g): 
W%: 

f2ZL 
a c . P f o  

If ft • -
•A4 ) 

FINAL RESULTS 

GRAIN PERCENT 
SIZE FINER 

3° ERR 
2" ERR 
1" ERR 

3/4" ERR 
3/8" ERR 
#4 ERR 

#10 ERR 
#20 ERR 
#40 ERR 
#60 ERR 
#100 ERR 
#200 ERR 

ERR ERR 
ERR ERR 
ERR ERR 
ERR ERR 
ERR ERR 
ERR ERR 
ERR ERR 
ERR ERR 

eFft 
% FINER DEPTH 

L,cm 

ERR 

PARTD: +#10 MOISTURE 

TARE #: 
TARE(g): 
MOIST WT.(g): 
OVEN DRY WT(g): 
W%: ERR 

BORING: 
SAMPLE: 
DEPTH: 

N\*>3»S»- fot 

COLOR: 

V  k h f L I  T / R y  / )  )  1  

DESCRIPTION: 

'• -i 

USCS: 

DIAM. 
(mn)) 

ERR ERR 
ERR ERR 
ERR ERR 
ERR ERR 
ERR ERR 
ERR ERR 
ERR ERR 
ERR ERR 

GOLDER ASSOCIATES INC. 
GEOTECHNICAL TESTING LABORATORY 
Redmond. Washington 



GOLDER ASSOCIATES INC., REDMOND, WA 

SUMMARY OF SPECIFIC GRAVITY AND MOISTURE CONTENT 

ASTM D-854 AND D-2216 

PROJECT: MONSANTO/RI/FS SEDIMENT/ID 
PROJ. NO: 913-1101.603 
DATE: 9-8-93 
TECH: MF/CS 
REVIEW: DPO 

SAMPLE ID 
SPECIFIC 
GRAVITY 

MOISTURE 
CONTENT 

(%) 

HSS3-100 2.46 210.7 

SCSS3-4400 2.95 31.8 

SCSS3-6400 2.69 19.2 

SCSS3-8400 2.77 22.8 

SCSS3-8400 FD 2.77 29.7 

SCSS3-10400 2.65 151.4 
SCSS3-12400 2.54 270.0 

SCSS3-14400 2.68 103.1 

SCSS3-15500 2.79 54.1 

SWSS3-100 2.66 21.2 



PARTICLE SIzflfesTRIBUnON 
US STANDARD SIEVE OPENING SIZES 

% 

P 
A 
S 
S 
I 
N 
G 

Grain size in millimeters 
0.001 

Coarse J Fine 
0 1 Med 1 Fine 

GRAVEL SAND FINES (Silt or Clay) 

DEPTH W % 

210.7 
LL PL PI uses 

ML 
DESCRIPTION 

Dusky brown (5YR 2/2), 
CLAYEY SILT, some f sand, 
organics present, (ML). 

PROJECT: MONSANTO/ RI/FS SEDIMENT/ ID 

PROJECT NO.: 913-1101.603 DATE: 9-9-93 TECH: MF/TW REVIEW: DPO 
GOLDER ASSOCIATES INC 

REDMOND, WA 



PARTICLE SIZE DISTRIBUTION 

US STANDARD SIEVE OPENING SIZES 

3* 2' 
100 I I | l .  I  DEL 

1' 3/4" 
I 

3/8" 10 40 60 100 
-+r 

200 
T+T 

90-

80-

70-

60-

S 

50-

40-

30-

20-

10-

100 10 0 1  

Grain size in millimeters 

0.01 0.0O1 

Coarse Fine C Med Fine 

FINES (Silt or Clay) GRAVEL SAND FINES (Silt or Clay) 

SAMPLE ID DEPTH W% LL PL PI uses DESCRIPTION 
SCSS3-4400 31.8 GM Dusky yellowish brown (10YR 2/2), 

c-f GRAVEL and c-f SAND, 
some silt, organics present, (GM). 

PROJECT: MONSANTO/ RI/FS SEDIMENT/ ID COLDER ASSOCIATES INC. 

PROJECTNO.: 913-1101.603 DATE: 9-9-93 TECH: CS/MF REVIEW: DPO REDMOND, WA 



l^D] PARTICLE SIZEDISTRIBUTION 
US STANDARD SIEVE OPENING SIZES 

100 

% 

P 
A 
S 
S 
I 
N 
G 

Grain size in millimeters 
0.001 

Coarse | Fine C Med Fine 

FINES (Silt or Clay) GRAVEL SAND FINES (Silt or Clay) 

SAMPLE ID DEPTH W% LL PL PI uses DESCRIPTION 
SCSS3-6400 19.2 GP Dusky yellowish brown (10YR 2/2), 

c-f GRAVEL, some c-f sand, 
trace silt, (GP). 

PROJECT: MONSANTO/RI/FS SEDIMENT/ID 

PROJECT NO.: 913-1101.603 DATE: 9-9-93 TECH: CS/MF REVIEW: DPO 
GOLDER ASSOCIATES INC. 
REDMOND, WA 



PARTICLE SIZE DISTRIBUTION 
US STANDARD SIEVE OPENING SIZES 

3" 2' 
100 ili • Q3-

1" 3/4* 3/8' 10 20 40 60 100 
-h" 

200 

9a 1 
80 

70 

60 t s r  

50-

40 K 
30 

20-

lO  

ioo 10 0 1  

Grain size in millimeters 
0.01 o.obi 

Coarse | Fine C 1 Med 1 Fine 

GRAVEL SAND FINES (Silt or Clay) 

SAMPLE ID DEPTH W% LL PL PI uses DESCRIPTION 
SCSS3-8400 22.8 GP Dusty yellowish brown (10YR 2/2), 

c-f GRAVEL and c-f SAND, 
trace silt, organics present, (GP). 

PROJECT: MONSANTO/ RI/FS SEDIMENT/ ID 

PROJECT NO.: 913-1101.603 DATE: 9-9-93 TECH: CS/MF REVIEW: DPO 
GOLDER ASSOCIATES INC. 

REDMOND, WA 



PARTICLE SIZElrtSTRIBUllON 
US STANDARD SIEVE OPENING SIZES 

10 60 
-+-

100 
—4— 

200 
1 100-

90-

80-

70- IV 

60-

\ 
50-

40-

30 
N 

20-

10 

100 10 01 

Grain size in millimeters 

0.01 0.001 

Coarse Fine C Med Fine 

FINES (Silt or Clay) GRAVEL SAND FINES (Silt or Clay) 

SAMPLE ID DEPTH W% LL PL PI uses DESCRIPTION 
SCSS3-8400FD 29.7 GP-GM Dusky yellowish brown (10YR 2/2), 

c-f GRAVEL and c-f SAND, 
little silt, organics present, (GP-GM). 

PROJECT: MONSANTO/RI/FS SEDIMENT/ID 

PROJECT NO.: 913-1101.603 DATE: 9-9-93 TECH: CS/MF REVIEW: DPO 

GOLDER ASSOCIATES INC 

REDMOND, WA 



PARTICLE SIZE DISTRIBUTION 
US STANDARD SIEVE OPENING SIZES 

Coarse Fine C Med Fine 

FINES (Silt or Clay) GRAVEL SAND FINES (Silt or Clay) 

SAMPLE ID DEPTH W% LL PL PI uses DESCRIPTION 
SCSS3-10400 151.4 SM Dusky yellowish brown (10YR 2/2), 

c-f SAND and CLAYEY SILT, some 
c-f gravel, organics present, (SM). 

PROJECT: MONSANTO/ RI/FS SEDIMENT/ ID GOLDER ASSOCIATES INC. 

PROJECT NO.: 913-1101.603 DATE: 9-9-93 TECH:CS REVIEW: DPO REDMOND, WA 



PARTICLE SIZETJISTRIBUTION 
US STANDARD SIEVE OPENING SIZES 

% 

P 
A 
S 
S 
I 
N 
G 

0.001 

Grain size in millimeters 

Coarse Fine C Med Fine 

FINES (Silt or Clay) GRAVEL SAND FINES (Silt or Clay) 

SAMPLE ID DEPTH W% LL PL PI uses DESCRIPTION 
SCSS3-12400 270.0 ML Dusky yellowish brown (10YR 2/2), 

CLAYEY SILT, some m-f sand, 
organics present, (ML). 

PROJECT: MONSANTO/RI/FS SEDIMENT/ID 

PROJECT NO.: 913-1101.603 DATE: 9-9-93 TECH: CS REVIEW: DPO 

GOLDER ASSOCIATES INC 

REDMOND, WA 



PARTICLE SIZE DISTRIBUTION 
US STANDARD SIEVE OPENING SIZES 

Grain size in millimeters 

Coarse Fine C Med Fine 

FINES (Silt or Clay) GRAVEL SAND FINES (Silt or Clay) 

SAMPLE ID DEPTH W% LL PL PI uses DESCRIPTION 
SCSS3-14400 103.1 GM Dusky yellowish brown (10YR 2/2), 

c-f GRAVEL and c-f SAND, some 
clayey silt, organics present, (GM). 

PROJECT: MONSANTO/ RI/FS SEDIMENT/ ID GOLDER ASSOCIATES INC. 

PROJECT NO.: 913-1101.603 DATE: 9-9-93 TECH: MF/TW REVIEW: DPO REDMOND, WA 



PARTICLE SIZETffSTRIBUTION 
US STANDARD SIEVE OPENING SIZES 

Coarse Fine C Med Fine 

FINES (Silt or Clay) GRAVEL SAND FINES (Silt or Clay) 

SAMPLE ID DEPTH W% LL PL PI uses DESCRIPTION 

SCSS3-15500 54.1 SP-SM Dusky yellowish brown (10YR 2/2), 
c-f SAND, some c-f gravel, little 
silt, organics present, (SP-SM). 

PROJECT: MONSANTO/RI/FS SEDIMENT/ID 
PROJECT NO.: 913-1101.603 DATE: 9-9-93 TECH: MF/TW REVIEW: DPO 

GOLDER ASSOCIATES INC. 
REDMOND, WA 



PARTICLE SIZE DISTRIBUTION 
US STANDARD SIEVE OPENING SIZES 

Coarse Fine C Med Fine 

FINES (Silt or Clay) GRAVEL SAND FINES (Silt or Clay) 

SAMPLE ID DEPTH W% LL PL PI uses DESCRIPTION 
SWSS3-100 21.2 GW Dusky yellowish brown (10YR 2/2), 

c-f GRAVEL and c-f SAND, 
trace silt, organics present, (GW). 

PROJECT: MONSANTO/RI/FS SEDIMENT/ID GOLDER ASSOCIATES INC. 

PROJECT NO.: 913-1101.603 DATE: 9-9-93 TECH: CS/MF REVIEW: DPO REDMOND, WA 



WORKSHEET rftaHYDROMETER AND SIEVE 
ASTM (MODIFIED FOR TEMPERATURE CHANGE) 

WORKSHEET FOR DRY PREPARATION OF SOILS 

PART A: NATURAL MOIS^K PARTG -#10 MOISTURE PARTD: +#10 MOISTURE A WORKSHEET rftaHYDROMETER AND SIEVE 
ASTM (MODIFIED FOR TEMPERATURE CHANGE) 

WORKSHEET FOR DRY PREPARATION OF SOILS TARE#: 39 TARE #: 29 TARE#: D-5 

ASTM D-421 TARE fa): 73.69 TARE (g): 24.71 TARE (g): 91.89 

WORKSHEET FOR MOISTURE CONTENT OF SOILS MOIST WT.fa): 517.95 MOIST WT.(g): 5681 MOIST WT.(g): 94.77 

ASTM D-2216 OVEN DRY WT fa): 216.69 OVEN DRY WT(g): 55.40 OVEN DRY WT(g): 94.45 

UPDATED 11/26/91 BY D. OSTER W%: 210.7% W%: 3.6% W%: 128% 

PART B: SEPARATION OF FRACTIONS PART E: SIEVE OF +#10 
FINAL RESULTS BORING: 

WEIGHT TOTAL SAMPLE + TARE. AIR DRY fa): 288.18 CUM PERCENT SAMPLE: HSS3-100 

WEIGHT OF AIR DRY TARE (g): 107.06 WEIGHT FINER GRAIN PERCENT DEPTH: 

WEIGHT OF #10 TARE (g): 107.06 SIZE FINER 

WEIGHT OF #10 FRACTION + TARE (g): 28580 TARE(g) 91.93 
WEIGHT OF -#10 FRACTION, AIR DRY (g): 
WEIGHT OF +#10 FRACTON, AIR DRY (g): 
OVEN DRY WEIGHT OF FINES (g): 

178.24 3" 9183 100.0% 3" 100.0% COLOR: WEIGHT OF -#10 FRACTION, AIR DRY (g): 
WEIGHT OF +#10 FRACTON, AIR DRY (g): 
OVEN DRY WEIGHT OF FINES (g): 

288 2" 91.93 100.0% r 100.0% I Dusky brown (SYR 2/2), 
WEIGHT OF -#10 FRACTION, AIR DRY (g): 
WEIGHT OF +#10 FRACTON, AIR DRY (g): 
OVEN DRY WEIGHT OF FINES (g): 17202 1" 91.93 100.0% i" 100.0% 

OVEN DRY WEIGHT OF COARSE FRACTION (g): 256 3/4" 91.93 100.0% 3/4" 100.0% DESCRIPTION: 

OVEN DRY WEIGHT OF TOTAL SAMPLE fa): 17488 3/8" 91.93 100.0% 3/8" 100.0% CLAYEY SILT, some f sand, 

#4 91.93 100.0% #4 100.0% organics present, (ML). 

PARTF: HYDROMETER TEST ON FINE FRACTION #10 93.60 99.0% #10 99.0% 
#20 988% USCS: ML 

HYDROMETER TYPE: 152H #40 96.7% 

HYDROMETER NUMBER: 15-1515 #60 93.9% 

BEAKER NUMBER: 3 PART G: SIEVE OF-#10 #100 878% LL: 

FLASK NUMBER: 3 #200 748% PL: 

SPECIFIC GRAVITY: 2.66 CUM PERCENT 0.0414 43.8% PL 

PORTION TESTED: -#10 WEIGHT FINER 0.0262 278% 

MOIST WT. OF SOIL (g): 76.95 0.0168 20.7% 

CORRECTED DRY WT (g): 74.26 TARE(g) 73.29 0.0107 18.0% D10: N/A 

Rm: 1 #20 7388 998% 0.0063 14.1% D30: N/A 
#40 75.06 978% 0.0037 118% D60: N/A 

TEMP. READ. #60 77.13 948% 0.0020 9.9% Cu: N/A 

STANDARD SOLUTION 18.9 7.0 #100 81.93 88.4% 0.0013 88% CE N/A 

ZERO CORRECTION 25.8 5.0 #200 9185 75.0% 

D HR M S 

ELAPSED 
TIME TEMP, 
(min.) (Q 

HYDRO 
READING 

ZERO 
CORR. 

(CONT.) 

CORR. 
FACTOR 

t 

CORR. 
FACTOR 

a 
% FINER 

EFF. 
DEPTH 

L,cm 

CONSTANT 
(T&Ga) 

K 
DIAM. 
(mm) 

LOG %TOTAL 
DIAM SAMPLE 

31 9 9 0 0.0 
31 9 10 0 1.0 23.0 38.0 5.8 0.7 1.0 44.2% 9899 0.01317 0.0414 -188 43.8% 

31 9 12 0 3.0 23.0 26.0 58 0.7 1.0 28.1% 11.867 0.01317 0.0262 -188 278% 

31 9 17 0 8.0 228 21.0 5.9 0.4 1.0 20.9% 12687 0.01332 0.0168 -1.78 20.7% 

31 9 29 0 20.0 22.8 19.0 5.9 0.4 1.0 18.2% 13.015 0.01332 0.0107 -1.97 18.0% 

31 10 9 0 60.0 22.9 16.0 5.8 0.4 1.0 14.2% 13807 0.01332 0.0063 -220 14.191 b 

31 12 9 0 180.0 22.7 14.0 5.9 0.4 1.0 11.4% 13835 0.01332 0.0037 -243 118% 

31 19 IS 0 606.0 22.6 13.0 5.9 0.4 1.0 10.0% 13.999 0.01332 0.0020 -269 9.9% 

32 9 9 0 1440.0 23.0 118 5.8 0.7 18 88% 14845 0.01317 0.0013 -288 88% 

PROJECT: MONSANTO/ RI/FS SEDIMENT/ ID 
PROJECT NUMBER: 913-li01.603 
TECHNICIAN: MF/TW 

DATE: 
REVIEWED BY: 

9-9-93 
DPO 

GOLDER ASSOCIATES INC 
GEOTECHNICAL TESTING LABORATORY 
REDMOND. WASHINGTON 



WORKSHEET FOR HYDROMETER AND SIEVE 
ASTM D-422 (MODIFIED FOR TEMPERATURE CHANGE) 

WORKSHEET FOR DRY PREPARATION OF SOILS 
ASTM D-421 

WORKSHEET FOR MOISTURE CONTENT OF SOILS 
ASTM D-2216 
UPDATED 11/26/91 BY D. OSTER 

PART B: SEPARATION OF FRACTIONS 

WEIGHT TOTAL SAMPLE + TARE, AIR DRY (g): 
WEIGHT OF AIR DRY TARE (g): 
WEIGHT OF -#10 TARE (g): 
WEIGHT OF #10 FRACTION + TARE (g): 
WEIGHT OF -#10 FRACTION, AIR DRY (g): 
WEIGHT OF +#10 FRACTON, AIR DRY (g): 
OVEN DRY WEIGHT OF FINES (g): 
OVEN DRY WEIGHT OF COARSE FRACTION (g): 
OVEN DRY WEIGHT OF TOTAL SAMPLE (g): 

391.47 
107.07 
107.07 
286.80 
179.73 
104.67 
165.66 

99.60 
265.26 

PARTF: HYDROMETER TEST ON FINE FRACTION 

HYDROMETER TYPE: 
HYDROMETER NUMBER: 
BEAKER NUMBER: 
FLASK NUMBER: 
SPECIFIC GRAVITY: 
PORTION TESTED: 
MOIST WT. OF SOIL (g): 
CORRECTED DRY WT (g): 
Rm: 

STANDARD SOLUTION 
ZERO CORRECTION 

152H 
15-1515 

10 

2.65 
-#10 

74.47 
68.64 

1 

TEMP. READ. 
18.9 
25.8 

7.0 
5.0 

PART A: NATURAL MOISTURE 

TARE #: 
TARE (g): 
MOIST WT.(g): 
OVEN DRY WT(g): 
W%: 

D-12 
96.71 

393.45 
214.74 
151.4% 

PARTE: SIEVE OF+#10 

CUM PERCENT 
WEIGHT FINER 

TARE (g) 
3" 
r 
i" 

3/4" 
3/8" 
#4 
#10 

76.29 
76.29 
76.29 

106.41 
106.62 
116.61 
124.87 
143.24 

100.0% 
100.0% 

88.6% 
84.8% 
81.7% 
74.8% 

PARTG: SIEVE OF-#10 

CUM PERCENT 
WEIGHT FINER 

TARE(g) 
#20 
#40 
#60 
#100 
#200 

78.46 
87.42 
96.18 

101.76 
107.44 
114.54 

86.9% 
74.2% 
66.1% 
573% 
47.4% 

ELAPSED ZERO CORR. CORR. 

PARTG -#10MOISTURB 

TARE#: 
TARE (g): 
MOIST WT.(g): 
OVEN DRY WT(g): 
W%*. 

25.02 
55.17 
5181 
8.5% 

FINAL RESULTS 

GRAIN PERCENT 
SIZE FINER 

3" 
r 
r 

3/4" 
3/8" 
#4 
#10 
#20 
#40 
#60 
#100 
#200 
0.0434 
0.0264 
0.0167 
0.0109 
0.0064 
0.0037 
0.0021 
0.0013 

100.0% 
100.0% 
88.6% 

84.8% 
81.7% 
74.8% 
65.0% 
55.5% 
49.4% 
43.2% 
35.5% 
29.4% 
21.8% 
163% 
10.8% 
8.6% 
7.1% 
6.0% 
3.7% 

EFF. 

PARTD: +#10 MOISTURE 

TARE#: 
TARE (g): 
MOIST WT.(g): 
OVEN DRY WT(g): 
W%: 

26 
76.29 

180.96 
175.89 

5.1% 

BORING: 
SAMPLE: 
DEPTH: 

SCSS3-10400 

COLOR: 
I Dusky yellowish brown (10YR 2/2), 

DESCRIPTION: 
c-f SAND and CLAYEY SILT, some 
c-f gravel, oiganics present, (SM). 

USCS: 

LL 
PL-
PI: 

D10: 
D30: 
D60: 
Cu: 
Cc 

SM 

N/A 
N/A 
N/A 
N/A 
N/A 

CONSTANT 
TIME TEMP. HYDRO CORR. FACTOR FACTOR % FINER DEPTH (T&Gs) DIAM. LOG %TOTAL 

D HR M S (min.) (C) READING (CONT.) t a Lcm K (mm) DIAM SAMPLE 

31 9 20 0 0.0 
31 9 21 0 1.0 23.4 330 5.7 0.7 1.0 393% 10383 0.01317 0.0434 -136 29.4% 
31 9 23 0 3.0 23.4 25.0 5.7 0.7 1.0 29.1% 13031 0.01317 0.0264 -138 21.8% 
31 9 28 0 8.0 233 20.0 5.7 0.7 1.0 213% 12351 0.01317 0.0167 -1.78 163% 
31 9 40 0 20.0 233 15.0 5.8 0.7 1.0 143% 13.671 0.01317 0.0109 -1.96 10.8% 
31 10 20 0 60.0 23.1 13.0 5.8 0.7 1.0 113% 13.999 0.01317 0.0064 -320 8.6% 
31 12 20 0 180.0 22.7 130 5.9 0.4 1.0 93% 14.163 0.01332 0.0037 -343 7.1% 
31 19 20 0 600.0 22.6 11.0 5.9 0.4 1.0 8.0% 14327 0.01332 0.0021 -369 6.0% 
32 9 20 0 1440.0 23.0 83 5.8 0.7 1.0 4.9% 14.737 0.01317 0.0013 -238 3.7% 

PROJECT: 
PROJECT NUMBER: 
TECHNICIAN:, 

MONSANTO/ RI/FS SEDIMENT/ ID 
913-1101.603 
CS 

DATE: 
REVIEWED BY: 

9-9-93 
DP 

COLDER ASSOCIATES INC 
GEOTECHNICAL TESTING LABORATORY 
REDMOND, WASHINGTON 



WORKSHEET {^•JYDROMETER AND SIEVE 
ASTM (MODIFIED FOR TEMPERATURE CHANGE) 

WORKSHEET FOR DRY PREPARATION OF SOILS 
ASTM D-421 

WORKSHEET FOR MOISTURE CONTENT OF SOILS 
ASTM D-2216 
UPDATED 11/26/91 BY D. OSTER 

PART B: SEPARATION OF FRACTIONS 

WEIGHT TOTAL SAMPLE + TARE, AIR DRY (g): 
WEIGHT OF AIR DRY TARE (g): 
WEIGHT OF -#10 TARE (g): 
WEIGHT OF #10 FRACTION + TARE (g): 
WEIGHT OF #10 FRACTION, AIR DRY (g): 
WEIGHT OF +#10 FRACTON, AIR DRY(g): 
OVEN DRY WEIGHT OF FINES (g): 
OVEN DRY WEIGHT OF COARSE FRACTION (g): 
OVEN DRY WEIGHT OF TOTAL SAMPLE (g): 

31238 
107.12 
107.12 
31238 
20536 

0.00 

188.04 
0.00 

188.04 

PARTF: HYDROMETER TEST ON FINE FRACTION 

HYDROMETER TYPE: 
HYDROMETER NUMBER: 
BEAKER NUMBER: 
FLASK NUMBER: 
SPECIFIC GRAVITY: 
PORTION TESTED: 
MOIST WT. OF SOIL (g): 
CORRECTED DRY WT (g): 
Rm: 

STANDARD SOLUTION 
ZERO CORRECTION 

152H 
15-1515 

18 

234 
-#10 

71.97 
65.93 

1 

TEMP. READ. 
18.9 
25.8 

7.0 
5.0 

PART A: NATURAL MOI: 

TARE#: 
TARE (g): 
MOIST WT.(g): 
OVEN DRY WT(g): 
W%: 

D-9 
91.29 

667.01 
246.88 
270.0% 

PARTE: SIEVE OF+#10 

CUM PERCENT 
WEIGHT FINER 

TARE(g) 
T 
T 
1" 

3/4" 
31/8" 
#4 
#10 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

100.0% 
100.0% 
100.0% 
100.0% 
100.0% 
100.0% 
100.0% 

PARTG: SIEVE OF-#10 

CUM PERCENT 
WEIGHT FINER 

TARE(g) 
#20 
#40 
#60 

#100 

#200 

75.92 
76.62 
79.99 
8235 
85.98 
92.40 

983% 
93.8% 
89.9% 
84.7% 
75.0% 

PARTG -#10MOISTURE 

TARE#: 
TARE (g): 
MOIST WT.(g): 
OVEN DRY WT(g): 
W%: 

T-24 
21.00 
57.84 
54.75 
93% 

FINAL RESULTS 

GRAIN PERCENT 
SIZE FINER 

3" 
2" 

1" 

3/4" 
3/8" 
#4 
#10 
#20 
#40 
#60 
#100 
#200 
0.0407 
0.0249 
0.0159 
0.0104 
0.0061 
0.0036 
0.0021 
0.0013 

100.0% 
100.0% 
100.0% 
100.0% 
100.0% 

100.0% 
100.0% 
98.9% 
93.8% 
89.9% 
84.7% 
75.0% 
54.4% 
43.6% 
34.2% 
28.0% 
24.8% 
20.8% 
153% 
9.9% 

PARTD: +#10 MOISTURE 

TARE#: 
TARE (g): 
MOIST WT.(g): 
OVEN DRY WT(g): 
W%: 

0.00 
0.00 
0.00 
0.0% 

BORING: 
SAMPLE: 
DEPTH: 

SCSS3-12400 

COLOR: 
I Dusky yellowish brown (10YR 2/2), 

DESCRIPTION: 
CLAYEY SILT, some m-f sand, 
organlcs present, (ML). 

USCS: | ML | 

LL-
PL: 
PL 

D10: 
D30: 
D60: 
Cu: 
Cc 

N/A 
N/A 
N/A 
N/A 
N/A 

CONSTANT 
(T&Gs) 

K HR M 

ELAPSED 
TIME 
(min.) 

TEMP. 
(Q 

HYDRO 
READING 

ZERO 
CORR. 

(CONT.) 

CORR. 
FACTOR 

1 

CORR. 
FACTOR 

a 
% FINER 

EFF. 
DEPTH 

I^cm 
DIAM. 
(mm) 

LOG %TOTAL 
DIAM SAMPLE 

31 9 53 0 0.0 
31 9 54 0 1.0 
31 9 56 0 3.0 
31 10 1 0 8.0 
31 10 13 0 20.0 
31 10 53 0 60.0 
31 12 53 0 180.0 
31 19 18 0 565.0 
32 9 53 0 1440.0 

233 40.0 
233 33.0 
23.6 27.0 
233 23.0 
233 21.0 
23.0 18.5 
22.6 15.5 
23.0 11.5 

5.6 0.7 1.0 54.4% 9371 0.01317 0.0407 -139 54.4% 
5.6 0.7 1.0 433% 10.719 0.01317 0.0249 -1.60 43.6% 
5.6 0.7 1.0 343% 11.703 0.01317 0.0159 -130 34.2% 
5.6 0.7 1.0 28.0% 12359 0.01317 0.0104 -1.98 28.0% 
5.7 0.7 1.0 243% 12.687 0.01317 0.0061 -2.22 243% 
5.8 0.7 1.0 203% 13.097 0.01317 0.0036 -145 20.8% 
5.9 0.4 1.0 153% 13389 0.01332 0.0021 -168 153% 
5.8 0.7 1.0 9.9% 14345 0.01317 0.0013 -188 9.9% 

PROJECT: MONSANTO/RI/FS SEDIMENT/ID 
PROJECT NUMBER: 913-1101.603 
TECHNICIAN: CS 

DATE: 9-9-93 
REVIEWED BY: DPO 

COLDER ASSOCIATES INC 
GEOTECHNICAL TESTING LABORATORY 
REDMOND, WASHINGTON 



WORKSHEET FOR HYDROMETER AND SIEVE 
ASTM D-422 (MODIFIED FOR TEMPERATURE CHANGE) 

WORKSHEET FOR DRY PREPARATION OF SOILS 
ASTM D-421 

WORKSHEET FOR MOISTURE CONTENT OF SOILS 
ASTM D-2216 

PART A: NATURAL MOISTURE 

TARE #: 
TARE (g): 
MOIST WT.(g): 
OVEN DRY WT(g): 

D-13 
90.97 

540.63 
312.33 
103.1% 

PART B: SEPARATION OF FRACTIONS PARTE: SIEVE OF+#10 
FINAL RESULTS BORING: 

WEIGHT TOTAL SAMPLE + TARE. AIR DRY (e): 40750 CUM PERCENT SAMPLE: SCSS3-14400 

WEIGHT OF AIR DRY TARE (g): 107.04 WEIGHT FINER GRAIN PERCENT DEPTH: 

WEIGHT OF -#10 TARE (g): 107.04 SIZE FINER 

WEIGHT OF -#10 FRACTION + TARE (g): 231.06 TARE(g) 73.73 
WEIGHT OF #10 FRACTION, AIR DRY (g): 124.02 3" 73.73 100.0% 3" 100.0% COLOR: 

WEIGHT OF + #10 FRACTON, AIR DRY (g): 176.44 r 73.73 100.0% V 100.0% | Dusky yellowish brown (10YR 2/2), 

OVEN DRY WEIGHT OF FINES (g): 114.35 r 120.40 83.6% 1" 83.6% 
OVEN DRY WEIGHT OF COARSE FRACTION (g): 170.66 3/4" 163.73 68.4% 3/4" 68.4% DESCRIPTION: 

OVEN DRY WEIGHT OF TOTAL SAMPLE (g): 285.01 3/8" 209.15 52.5% 3/8" 523% c-f GRAVEL and c-f SAND, some 
#4 226.84 463% #4 463% clayey silt, organics present, (GM). 

PARTF: HYDROMETER TEST ON FINE FRACTION #10 243.48 40.4% #10 40.4% 
#20 34.0% USCS: GM 

HYDROMETER TYPE: 152H #40 253% 
HYDROMETER NUMBER: 15-1515 #60 20.0% 
BEAKER NUMBER: 15 PARTG: SIEVE OF-#10 #100 16.7% LL-

FLASK NUMBER: 8 #200 13.4% PD 

SPECIFIC GRAVITY: 2.68 CUM PERCENT 0.0468 10.4% PI: 

PORTION TESTED: -#10 WEIGHT FINER 0.0276 8.6% 
MOIST WT. OF SOIL (g): 73.72 0.0173 6.2% 
CORRECTED DRY WT (g): 67.97 TARE(g) 74.17 0.0110 5.6% D10: N/A 

Rm: 1 #20 84.95 84.1% 0.0065 3.8% D30: N/A 
#40 9932 63.0% 0.0038 36% D60: N/A 

TEMP. READ. #60 108.47 493% 0.0021 31% Cm N/A 

STANDARD SOLUTION 18.9 7.0 #100 114.05 413% 0.0013 1.1% Cz: N/A 

ZERO CORRECTION 25.8 5.0 #200 11938 333% 

D HR M S 

ELAPSED 
TIME TEMP, 
(min.) (C) 

HYDRO 
READING 

ZERO 
CORR. 

(CONT.) 

CORR. 
FACTOR 

t 

CORR 
FACTOR 

a 
% FINER 

EFF. 
DEPTH 

L,cm 

CONSTANT 
(T&Gs) DIAM. 

K (mm) 
LOG %TOTAL 

DIAM SAMPLE 

31 9 31 0 0.0 
31 9 32 0 1.0 22.8 23.0 5.9 0.4 1.0 25.6% 12359 0.01332 0.0468 -133 10.4% 

31 9 34 0 3.0 22.8 20.0 5.9 0.4 1.0 21.2% 13851 0.01332 0.0276 -1.56 8.6% 

31 9 39 0 8.0 22.7 16.0 5.9 0.4 1.0 15.4% 13307 0.01332 0.0173 -1.76 6.2% 

31 9 51 0 20.0 22.7 15.0 5.9 0.4 1.0 13.9% 13.671 0.01332 0.0110 -1.96 5.6% 

31 10 31 0 60.0 22.7 12.0 5.9 0.4 1.0 93% 14.163 0.01332 0.0065 -319 33% 

31 12 31 0 180.0 22.6 10.0 5.9 0.4 1.0 63% 14.491 0.01332 0.0038 -342 36% 

31 19 17 0 586.0 22.6 9.0 5.9 0.4 1.0 5.1% 14.655 0.01332 0.0021 -368 31% 

32 9 31 0 1440.0 23.0 7.0 5.8 0.7 1.0 23% 14.983 0.01317 0.0013 -387 1.1% 

PARTC: -#10 MOISTURE 

TARE #: 
TARE (g): 
MOIST WT.(g): 
OVEN DRY WT (g): 
W%: 

10 

25.12 
75.15 
71.25 
85% 

PARTD: +#10 MOISTURE 

TARE#: 
TARE (g): 
MOIST WT.(g): 
OVEN DRY WT(g): 
W%: 

33 
73.70 

250.14 
244.36 

3.4% 

PROJECT: MONSANTO/RI/FS SEDIMENT/ID GOLDER ASSOCIATES INC 
PROJECT NUMBER: 913-1101.603 DATE: 9-9-93 GEOTECHNICAL TESTING LABORATORY 
TECHNICIAN^Bh MF/TW REVIEWED BY: DPflJ^ REDMOND, WASHINGTON 



PART B: SEPARATION OF FRACTIONS 

WEIGHT TOTAL SAMPLE + TARE, AIR DRY (g): 
WEIGHT OF AIR DRY TARE (g): 
WEIGHT OF -#10 TARE (g): 
WEIGHT OF -#10 FRACTION + TARE (g): 
WEIGHT OF #10 FRACTION, AIR DRY (g): 
WEIGHT OF + #10 FRACTON, AIR DRY (g): 
OVEN DRY WEIGHT OF FINES (g): 
OVEN DRY WEIGHT OF COARSE FRACTION (g): 
OVEN DRY WEIGHT OF TOTAL SAMPLE (g): 

WORKSHEEf^fepYDROMETER AND SIEVE 
ASTM^PI (MODIFIED FOR TEMPERATURE CHANGE) 

WORKSHEET FOR DRY PREPARATION OF SOILS 
ASTM D-421 , 

WORKSHEET FOR MOISTURE CONTENT OF SOILS 
ASTM D-2216 
UPDATED 11/26/91 BY D.OSTER 

338.06 
107.12 
107.12 
249.36 
142.24 
88.70 

133.18 
85.34 

218.52 

PARTF: HYDROMETER TEST ON FINE FRACTION 

HYDROMETER TYPE: 
HYDROMETER NUMBER: 
BEAKER NUMBER: 
FLASK NUMBER: 
SPECIFIC GRAVITY: 
PORTION TESTED: 
MOIST WT. OF SOIL (g): 
CORRECTED DRY WT (g): 
Rm: 

STANDARD SOLUTION 
ZERO CORRECTION 

152H 
15-1515 

11 
7 

279 
#10 
7939 
74.52 

1 

TEMP. READ. 
18.9 7.0 
25.8 5.0 

PART A: NATURAL MO 

TARE#: 
TARE (g): 
MOIST WT.(g): 
OVEN DRY WT(g): 
W%: 

rfO w 
dT 

91.86 
569.77 
402.07 
54.1% 

PART E: SIEVE OF +#10 

CUM PERCENT 
WEIGHT FINER 

TARE (g) 
3" 
2" 

1" 

3/4" 
3/8" 
#4 
#10 

93.84 
93.84 
93.84 
93.84 

104.76 
120.43 
147.05 
178.63 

100.0% 
100.0% 
100.0% 

95.0% 
87.8% 
75.6% 
61.2% 

PARTG: SIEVE OF #10 

CUM PERCENT 
WEIGHT FINER 

TARE (g) 
#20 
#40 
#60 
#100 
#200 

74.53 
90.60 

108.50 
123.22 
134.29 
140.69 

78.4% 
54.4% 
34.7% 
19.8% 
11.2% 

PARTG -#10MOISTURE 

TARE#: 
TARE (g): 
MOIST WT.(g): 
OVEN DRY WT(g): 
W%: 

24.90 
7430 
7134 
6.8% 

HR M 

ELAPSED 
TIME 
(min> 

TEMP. 
(C) 

HYDRO 
READING 

ZERO 
CORR 

(CONT.) 

CORR. 
FACTOR 

t 

CORR 
FACTOR 

a 

FINAL RESULTS 

GRAIN PERCENT 
SIZE FINER 

3" 
2" 

1" 

3/4" 
3/8" 
#4 
#10 
#20 
#40 
#60 
#100 
#200 
0.0498 
0.0289 
0.0178 
0.0113 
0.0065 
0.0038 
0.0021 
0.0014 

100.0% 
100.0% 
100.0% 
95.0% 
873% 
75.6% 
61.2% 

48.0% 
33.3% 
21.2% 
121% 
6.9% 
6.0% 
5.2% 

4.4% 
3.6% 
28% 
20% 
1.2% 

PARTD: +#10 MOISTURE 

TARE#: 
TARE (g): 
MOIST WT.(g): 
OVEN DRY WT(g): 
W%: 

Jfl 
T-3 
28.99 

117.69 
11433 

3.9% 

BORING: 
SAMPLE: 
DEPTH: 

COLOR-

SCSS3-15500 

| Dusky yellowish brown (10YR 2/2), 

DESCRIPTION: 
c-f SAND, some c-C gravel, little 
silt, organics present, (SP-SM). 

USCS: 

LL: 
PL: 
PL 

D10: 
D30: 
D60: 
Cu: 
Cfc 

SP-SM 

0.12 
038 
1.9 

15.8 
0.6 

% FINER 
EFF. 

DEPTH 
L,cm 

CONSTANT 
(T&Gs) 

K 
DIAM. 
(mm) 

LOG %TOTAL 
DIAM SAMPLE 

31 9 42 0 0.0 
31 9 43 0 1.0 
31 9 45 0 3.0 
31 9 50 0 8.0 
31 10 2 0 20.0 
31 10 42 0 60.0 
31 12 42 0 180.0 
31 19 17 0 575.0 
32 9 42 0 1440.0 

229 13.0 
229 120 
228 11.0 
229 11.0 
227 10.0 
226 9.0 
226 8.0 
229 7.0 

5.8 0.4 1.0 9.9% 13.999 0.01332 0.0498 -130 6.0% 

5.8 0.4 1.0 8.6% 14.163 0.01332 0.0289 -134 5.2% 

5.9 0.4 1.0 7 2% 14327 0.01332 0.0178 -1.75 4.4% 

5.8 0.4 1.0 73% 14327 0.01332 0.0113 -1.95 4.4% 

5.9 0.4 1.0 5.9% 14.491 0.01332 0.0065 -218 3.6% 

5.9 0.4 1.0 43% 14.655 0.01332 0.0038 -242 28% 

5.9 0.4 1.0 3.2% 14319 0.01332 0.0021 -267 20% 

5.8 0.4 1.0 20% 14.983 0.01332 0.0014 -287 1.2% 

PROJECT: MONSANTO/RI/FS SEDIMENT/ID 
PROJECT NUMBER: 913-1101.603 
TECHNICIAN: MF/TW 

DATE: 9-9-93 
REVIEWED BY: DPO 

GOLDER ASSOCIATES INC 

GEOTECHNICAL TESTING LABORATORY 

REDMOND. WASHINGTON ' 



ASTM GRAIN SIZE ANALYSIS 

MECHANICAL SIEVE 

ASTM D-1140, C-136 D-2216 

PROJECT TTTLE: 

PROJECT NUMBER: 

MONSANTO/ RI/FS SEDIMENT/ ID 

913-1101.603 

Boring No.: 

Sample No.: 

Depth: 

SCSS3-4400 

WATER CONTENT (Delivered Moisture) 

tare no. 

wt soil & tare,moist 

wt soil & tare,dry 

wttare 

wt moisture 

wt dry soil 

% water 

89 

3142.8 

2487.6 

429.08 

655.2 

2058.52 

31.8% 

SIEVE wt ret % PASSING SIEVE 

Size (cumulative) Size 

tare 253.12 

3" 253.12 100.0% 3' 

2' 253.12 100.0% 2" 

1" 364AO 94.6% 1* 

3/4" 47538 893% 3/4' 

3/8- 852.0 70.9% 3/8* 

#4 1084.7 59.6% #4 

#10 12883 49.7% #10 

#20 1427.8 419% #20 D10: N/A 

#40 1553.7 36.8% #40 D30: N/A 

#60 1663.8 313% #60 D60: N/A 

#100 1722.2 28.6% #100 Cu: N/A 

#200 1757.9 26.9% #200 Cc N/A 

% CGRVL 

%FGRVL 

%CSAND 

% M SAND 

%FSAND 

% FINES 

%TOTAL 

10.8% 

29.6% 

9.9% 

12.9% 

26.9% 

100% 

GOLDER ASSOCIATES 

Sample: 

Wet Color: 

Description: 

USCS: 

Dusky yellowish brown (10YR 2/2), 

c-f GRAVEL and c-f SAND, 

some silt, organics present, (GM). 

GM 

REDMOND, WA 

LL 

PL 

PI 

TECH 

DATE 

REVIEWED 

CS/MF 

9-9-93 

DPO 



ASTM GRAIN SIZE ANALYSIS 
MECHANICAL SIEVE 

ASTM D-1140, C-136 D-2216 

% OJECT TITLE: 

ROJECT NUMBER: 

MONSANTO/ RI/FS SEDIMENT/ ID 

913-1101.603 

Boring No.: 

Sample No.: 

Depth: 

SCSS3-6400 

WATER CONTENT (Delivered Moisture) 

tare no. 

wt soil & tare,moist 

wt soil & tare.dry 

wt tare 

wt moisture 

wt dry soil 

% water 

P-3 

2318.70 

195930 

90.86 

35920 

1868.64 

19.2% 

SIEVE wt ret % PASSING SIEVE 

Size (cumulative) Size 

tare 253.05 

3" 253.05 100.0% 3" 

2" 253.05 100.0% 2* 

1* 807.8 703% 1* 

3/4* 1147.1 523% 3/4* 

3/8* 1582.7 283% 3/8' 

#4 1769.4 18.9% #4 

#10 1881.4 12.9% #10 

#20 1944:5 93% #20 D10: 0.85 

#40 1991.6 7.0% #40 D30: 9.9 

#60 2030.2 43% #60 D60: 22.0 

#100 2055.1 3.6% #100 Cu: 25.9 

#200 20773 2.4% #200 Cr 52 

%CGRVL 

% F GRVL 

% CSAND 

%MSAND 

% FSAND 

% FINES 

%TOTAL 

47.8% 

33.3% 

6.0% 

5.9 

2.4% 

100% 

OLDER ASSOCIATES 

Sample: 

Wet Color. Dusky yellowish brown (10YR 2/2), 

Description: c-f GRAVEL, some c-f sand, 

trace silt, (GP). 

USCS: GP 

LL 

PL 

PI 

TECH 

DATE 

REVIEWED 

REDMOND, WA 

CS/MF 

9-9-93 

DPO 



ASTM GRAIN SIZE ANALYSIS 
MECHANICAL SIEVE 

ASTM D-1140, C-136 D-2216 

PROJECT TITLE: 

PROJECT NUMBER: 

MONSANTO/ RI/FS SEDIMENT/ ID 

913-1101.603 

Boring No.: 

Sample No.: 

Depth: 

SCSS3-8400 

WATER CONTENT (Delivered Moisture) 

tare no. 

wt soil & tare,moist 

wt soil & tare.dry 

wt tare 

wt moisture 

wt dry soil 

% water 

2708.4 

2284.0 

426.49 

424.4 

1857.51 

22.8% 

SIEVE wt ret % PASSING 

Size (cumulative) 

tare 253.12 

3" 253.12 100.0% 

2" 253.12 100.0% 

1" 290.29 98.0% 

3/4* 492.26 87.1% 

3/8* 10103 593% 

#4 1463.6 343% 

#10 17153 213% 

#20 18473 143% 

#40 1910.0 103% 

#60 1953.4 83% 

#100 1986.6 6.7% 

#200 2023.4 4.7% 

SIEVE 

Size 

3" 

2* 

1" 

3/4' 

3/8* 

#4 

#10 

#20 D10: 

#40 D30: 

#60 D60: 

#100 Cu: 

#200 Ce 

035 

3.6 

93 

27.1 

3.9 

% CGRVL 

% FGRVL 

% CSAND 

% M SAND 

% FSAND 

% FINES 

%TOTAL 

12.9% 

523% 

13.6% 

103% 

6.1% 

4.7% 

100% 

GOLDER ASSOCIATES 

Sample: 

Wet Color. 

Description: 

USCS: 

Dusky yellowish brown (10YR 2/2), 

c-f GRAVEL and c-f SAND, 

trace silt, organics present, (GP). 

GP 

REDMOND, WA 

LL 

PL 

PI 

TECH 

DATE 

REVIEWED 

CS/MF 

9-9-93 

DPO 



ASTM GRAIN SIZE ANALYSIS 
MECHANICAL SIEVE 

ASTM D-1140, C-136 D-2216 

[ROJECT TITLE: 

ROJECT NUMBER; 

MONSANTO/ RI/FS SEDIMENT/ ID 

913-1101.603 

Boring Na: 

Sample No.: 

Depth: 

SCSS3-8400FD 

WATER CONTENT (Delivered Moisture) 

tare no. 

wt soil & tare,moist 

wt soil & tare,dry 

wt tare 

wt moisture 

wt dry soil 

% water 

85 

23552 
vm s 

426.65 

5317 

1795.85 

29.7% 

SIEVE wt ret % PASSING SIEVE 

Size (cumulative) Size 

tare 253.13 

3* 253.13 100.0% 3* 

2" 253.13 100.0% 2" 

l' 308.15 96.9% 1* 

3/4" 371.07 93.4% 3/4" 

3/8* 827.3 68.0% 3/8* 

#4 13118 41.0% #4 

#10 1609.4 24.5% #10 

#20 1763.8 15.9% #20 D10: 0.28 

#40 1834.9 11.9% #40 D30: 18 

#60 1883.4 92% #60 D60: 7.9 

#100 1919.5 12% moo Cu: 28.2 

#200 1957.0 5.1% moo Cc 33 

% CGRVL 

%FGRVL 

% CSAND 

% M SAND 

% FSAND 

% FINES 

%TOTAL 

6.6% 

514% 

16.5% 

116% 

6.8% 

100% 

GOLDER ASSOCIATES 

Sample: 

Wet Colon 

Description: 

USCS: 

Dusky yellowish brown (10YR 2/2), 

c-f GRAVEL and c-f SAND, 

little silt, organics present, (GP-GM). 

GP-GM 

REDMOND, WA 

LL 

PL 

PI 

TECH 

DATE 

REVIEWED 

CS/MF 

9-9-93 

DPO 



ASTM GRAIN SIZE ANALYSIS 
MECHANICAL SIEVE 

ASTM D-1140, C-136 D-2216 

PROJECT TITLE: 

PROJECT NUMBER: 

MONSANTO/ RI/FS SEDIMENT/ ID 

913-1101.603 

Boring No.: 

Sample No.: 

Depth: 

SWSS3-100 

WATER CONTENT (Delivered Moisture) 

tare no. 

wt soil & tare,moist 

wt soil & tare,dry 

wt tare 

wt moisture 

wt dry soil 

% water 

86 

2584.5 

22063 

424.77 

3783 

178133 

213% 

SIEVE wt ret % PASSING SIEVE 

Size (cumulative) Size 

tare 253.11 

3* 253.11 100.0% 3* 

2" 253.11 100.0% 2* 

1* 60537 80.2% 1* 

3/4* 79239 69.7% 3/4* 

3/8* 1133.9 50.6% 3/8" 

#4 1393.9 36.0% #4 

#10 16163 233% #10 

#20 1793.1 13.6% #20 D10: 039 

#40 1900.7 73% #40 D30: 33 

#60 19473 4.9% #60 D60: 14.0 

#100 197L0 3.6% #100 Cu: 23.7 

#200 1989.4 23% #200 Cx. 1.2 

% CGRVL 

% F GRVL 

% CSAND 

% M SAND 

%FSAND 

% FINES 

%TOTAL 

GOLDER ASSOCIATES 

303% 

33.8% 

123% 

16.0% 

5.0% 

23% 

100% 

Sample: 

Wet Colon 

Description: 

USCS: 

Dusky yellowish brown (10YR 2/2), 

c-f GRAVEL and c-f SAND, 

trace silt, organics present, (GW). 

GW 

REDMOND, WA 

LL 

PL 

PI 

TECH 

DATE 

REVIEWED 

CS/MF 

9-9-93 

DPO 



SAMPLE "(CCD 

Pycnometer number LO 21*3 

Temperature at weighings ( C) 
TT~TcJ 

ZL£l£u1 

Weight flask + soil + water (Wfa) 

Weight flask + water (Wa) 

(Wa-Wb) 

Evaporating dish number 11 
Weight dish + dry soil 

Weight dish 100 ^ 

Weight dry soil (W0) 
C- 6.4? 

Temperature factor (K) 
£ G»cn 

Gs/control temperature < Wo 
%+(wa-v\y 

GS/20°C. Wo 
v^>+(wa-wy 

•  K -  ? i \  

Comments: 

Figure 
SPECIFIC GRAVITY DETERMINATION, ASTM D854 

PlOpCt 
PrajMiNo. 

/A fa <• r> * -to f> ^ ̂ 
«».. «Vl*- ll^,lr» D«. %«MBy S^o^Br^mL ?g) Golder Associates 



SAMPI p S££,S^>-4L|00 | 

Pycnometer number /-o -213, 

Temperature at weighings (°C) 
•ZI.O 

Weight flask + soil + water (Wb) 

Weight flask + water (Wa) (a ^3 3 
<wa.wb) 

Evaporating dish number H 
Weight dish + dry soil t w *3 
Weight dish Id (p, 0 % 
Weight dry soil (W0) 1!-\.LC 
Temperature factor (K) yC\ C\ A (, 

i 
%+(Wa-\fy 

Gc/20°C • W° • K o ^ ^ 

S  % + ( W a - W f c )  K  

Comments: 

Figure 
SPECIFIC GRAVITY DETERMINATION, ASTM D854 

'4a\noV;>^ V Taslad By, 1231 Apprond By yQO s®) Golder Associates 



.CAMPI P ^7 s-1 7 - f* V/V) 

Pycnomeler number 

Temperature at weighings (°C) 11.1 

Weight flask + soil + water (Wfa) 

Weight flask + water (Wa) 
MM, 

<Wa-Wb) 
" 5 7  a  

Evaporating dish number 30 

Weight dish + dry soil 
m,6>r 

Weight dish 
HI,?? 

Weight dry soil (Wo) 
&.V2. 

Temperature factor (K) . y > .a £ 

- - - - -  % + ( w a - w y  

Ge/20°C = Wo . K 
* v\fc+(wa-vsy • -

Comments: 

Figure 
SPECIFIC GRAVITY DETERMINATION, ASTM D854 

I- /1 O PtojbQ i "Rj/fS 
P mjea *"1 j ' l i l". ! - tj-o 1 .TaatadBy. ZZHE . ApprovadBy. 3§) Golder Associates 



SAMPLE < 
"*** 

Pycnometer number LOZ\-> 

Temperature at weighings (®C) 
Z-Tp. V 
It.S 

Weight flask + soil + water (Wb) lOZAl 

Weight flask + water (Wa) 

(Wa-Wb) 
I 

Evaporating dish number 1 

Weight dish + dry soil 

Weight dish ICft.oS' 

Weight dry soil (W0) n i no 

Temperature factor (K) 0(C< a 0 

t 
r %+(Wa-V^ 

GS/20°C» W° • K 
5 v^+(wa.wy n r \  1  

Comments: 

Figure 
SPECIFIC GRAVITY DETERMINATION, ASTM D854 

YU> mi IPS. + / ;\p 
« 11?,-flftf-'""> >s -

Projea 
Project Ho . Tested nr AwrovedBjr. 7g) Golder Associates 



RAMPI F -F_n 

Pycnometer number LOz (> 

Temperature at weighings (°C) 
12^ 
22^2-

Weight flask + soil + water (Wb) 

Weight flask + water (Wa) (o ^tr .Ht? 

(Wa-Wb) 
w 

Evaporating dish number 2JT 

Weight dish + dry soil IT-Z. 2* 

Weight dish ICSMfe 

Weight dry soil (W0) (-o^y 

Temperature factor (K) 

r~ "" " v^+(wa-wy 

Gc/20oC» W° . K 
b %+(Wa-\Afc) * ' z . i n  

Comments: 

Figure 
SPECIFIC GRAVITY DETERMINATION, ASTM D854 

^ >t- noi Wt 
Piojoa 
Ptojsa No., . Do* 3eh . Tooiod By L . ApprovodBy. m 

M Golder Associates 



rampi P ir>HOO ^jj 

Pycnometer number 

Temperature at weighings (°C) "71 . ̂  F-° 
-2 7 . \ 

Weight flask + soil + water (Wfa) 

Weight flask + water (Wa) 
GSLR! 

(Wa-Wb) 

Evaporating dish number SO 

Weight dish + dry soil UtCe.LpI 

Weight dish I I I ' I D  
Weight dry soil (W0) 

55.lV 

Temperature factor (K) , ^ A ^ k 

1 
~  r "  " "  Y f c + ( w a - w y  

GS/206C * W° . K - 7 / £T 
55 %+(vya-vyy * -Llfl 

Comments: 

Figure 
SPECIFIC GRAVITY DETERMINATION, ASTM D854 

M\r,s\C, a <\ +o /ILt /Pc 1 / lO ——— ^ ^ 
PropoNc—Slf"*- ~ MP*' If ? *i DM. V, • 7-~Z V Tpplad By r K fc_ Awww) By (&S) GOldCf ASSOClatOS 



SAMPLE i? ' \2-L(0 0 

Pycnometer number 
LQ1 IS-

Temperature at weighings (®C) 
t v . A  

Weight flask + soil + water (WJ 
D 

Weight flask + water (Wa) 
C, 

(Wa-Wb) 

Evaporating dish number 

Weight dish + dry soil \bb,lO> 

Weight dish 102,01 

Weight dry soil (W0) C"?, \ £ 

Temperature factor (K) 

V^>+(Wa •v\y 

Gc/20°C = W° . K 
b %+(Wa-V^ 

Comments: 

Figure 
SPECIFIC GRAVITY DETERMINATION, ASTM D854 

•>"T" <, fid, m:(\a f //n , . ,=•>. 
proi»qNo-aj», - nVl I f/?3- Twi«dBy—CsJL£2L£.*w»B«dBy (||) Solder Associates 



cam PI P -MM 00 J 

Pycnomeler number L01& 

Temperature at weighings (®C) 
-Jz.S" 

Weight flask + soil + water (Wfa) l o \ t z c  

Weight flask + water (Wa) •6f(o!\z-

(Wa-Wb) 

Evaporating dish number 
20 

Weight dish + dry soil m.Hz. 

Weight dish 
lou .n^ 

Weight dry soil (W0) 

Temperature factor (K) , 0\ A. Cy ^ 

Gs/controi temperature = — 
v^+(vya-wy 

GS/20°C = W° . K ' , 1 
% + ( W a - w y  K  - 1 . 6 *  

Comments: 

{ 

Figure 
SPECIFIC GRAVITY DETERMINATION, ASTM D854 

Piojea -t- o / R. I !P 5> 
IIP'- /TO* D«t» ' 2"^ _ T«a)>d By . r sI rV^l_ Agproypd By C(7f s?S) Colder Associates 



SAMPLE SCS53- IC^PO 

Pycnometer number iOlv 

Temperature at weighings ( C) i i 

Weight flask + soil + water {\NQ 

Weight flask + water (Wa) 

(Wa-Wb) 

Evaporating dish number 

Weight dish + dry soil M.Z I 

Weight dish 
^3,33 

Weight dry soil (W0) kg r><l 

Temperature factor (K) . 

Gs/control temperature < Wo 
v^+(wa-wy 

GS/20°C. Wo 
%+(wa.v\y 

• K 1 ,1 c\ 

Comments: 

Figure 
SPECIFIC GRAVITY DETERMINATION, ASTM D854 

Piojoa Pmj-^ I»tl» - l-.S-i n~. c--v<W >n |B), Kif l f j  (^) Golder Associates 



RAMPI P <ClO<,S^ - IOO 4 

Pycnomeler number L O Z ^  

Temperature at weighings (®C) ~in..o 

Weight flask + soil + water (Wfe) 

Weight flask + water (Wa) 

(Wa-Wb) 

Evaporating dish number V 
Weight dish + dry soil 

I U ^ . 0 %  

Weight dish 1, (jQ? 

Weight dry soil (W0) (>ZHZ> 

Temperature factor (K) 

< 
%+(Wa-V^ 

Go/20°C = W° . K 
b V\fe+(Wa-Yfa) * - Z . k k  

Comments: 

Figure 
SPECIFIC GRAVITY DETERMINATION, ASTM D854 
/P"v. u. Propa ° * ' 

Propa '' *: • ' ' '! 1 JJJl 
. **'<-•?> * ' :i . Toslad By . ifeE By- m 

jS) Golder Associates 





APPENDIX G 

EFFLUENT, SURFACE WATER, AND SEDIMENT CHEMICAL PROPERTIES 

Golder Associates 



APPENDIX G-l 

EFFLUENT AND SURFACE WATER ANALYTICAL RESULTS 

Golder Associates 



TABLE B-1 

-E SAMPIP I — — SAMPLE 
NUMBER 

SAMPLE 
DATE 

SAMPLE 
LOCATION 

ALUMINUM 
7429-00-5 

fcFFLUENTA 
EFFLUENTB 
EFFLUENTC 
DOWN A 
DOWNS 
DOWN C 
Up NEAR 
UP MIDDLE 
UP FAR 

III
III

III 

EFFLUENT 
EFFLUENT 
EFFLUENT 
IRRIQ.CANAL 
IRRIQ.CANAL 
IRRIQ.CANAL 
SODA CREEK 
SODA CREEK 
SODA CREEK 

0.08 
0.07 
0.1 

0.00 
0.11 
0.11 
0.00 
0.11 
0.07 

ARSENIC 
QUAL 7440-38-2 QUAL 

U 
(mg/L) 

U 0.002 U" 
U 0.002 U 

0.002 U 
0.002 U 
0.002 U 
0.002 U 
0.002 U 

U 
0.002 U 

U 0.002 u 

BERYLLIUM 
7440-41-7 

(mg/L) 
0.001 
0.001 
0.001 
0.001 
0.001 
0.001 
0.001 
0.001 
0.001 

QUAT 

IT 
U 
u 
U 
u 
u 
u 
u 
u 

CADMIUM 
7440-43-0 

(mg/L) 
0.01 

0.009 
0.011 
0.005 
0.005 
0.005 
0.005 
0.005 
0.005 

QUAL 
CALCIUM 

7440-70-2 
(mg/L) 

130 
138 
128 

88.4 
83.7 
86.2 
84.0 
70.8 
77.6 

QUAL 
CHROMIUM 
7440-47-3 

(mg/L) 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 
0.01 

COPPER 
QUAL 7440-50-8 QUAL 

U 
(mg/L) 

U 0.007 U 
U 0.008 U 
U 0.008 U 
U 0.005 U 
U 0.005 U 
U 0.005 U 
U 0.005 U 
U 0.005 U 
U 0.005 U 

ro 
cr 

3 
D> 

h-» 

? Ul 

M 
V 
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SAMPLE 
NUMBER 

EFFLUENT A 
EFFLUENT B 
EFFLUENTC 
DOWN A 
DOWN B 
DOWN C 
UP NEAR 

UP MIDDLE 
UP FAR 

TABLE 0-1 (Cont'd | 

CHEMICAL AHALyT.CAL RESULTS FOR IHOROANIC C0MPQUHQ8IN EFFLUENT AND SURFACE WATER. MOHSFMTn PH.cc i auca 

SAMPLE 
DATE 

10/25/91 
10/25/91 
10/25/91 
10/25/91 
10/25/91 
10/25/91 

10/25/91 

10/25/91 
10/25/91 

IRON 
7439-89-6 

(mq/L) 
0.051 
0.046 
0.040 
0.54 
0.54 
0.59 
0.93 

0.47 
0.43 

QUAl 

"U" 
U 
U 
U 
U 
U 

LEAD 
7439-92-1 

(mg/L) 
0.001 
0.001 
0.001 
0.001 
0.001 

0.002 

0.001 
0.001 
0.001 

QUAl 

UJ 
UJ 
UJ 
UJ 
UJ 
UJ 

UJ 

UJ 
UJ 

MAGNESIUM 
7439-95-4 

(mg/L) 
61.4 
65.0 
60.3 
76.5 
75.0 
78.7 
84.1 
78.4 
75.5 

QUAl 
MANGANESE 

7439-96-5 
(mg/L) 
0.005 
0.005 
0.005 
0.06 

0.063 
0.063 
0.083 
0.062 
0.058 

NICKEL 
QUAL 7440-02-0 QUAl 

(mg/L) 
U 0.02 U 
U 0.02 U 
U 0.02 U 

0.02 U 
0.02 U 
0.02 U 
0.02 U 
0.02 U 
0.02 U 

POTASSIUM 
7440-09-7 

(mg/L) 
7.3 
7.8 
7.3 
0.3 
9.6 

10.0 
10.4 
9.9 
9.3 

SELENIUM 
QUAL 7782-40-2 QUAL 

(mg/U 
0.003 U 
0.003 U 
0.003 U 
0.003 U 
0.003 U 
0.003 U 
0.003 U 
0.003 U 
0.003 U 

T1 n 
<r 

a 
ft) 

$ ui 



TABLE Q-1 (n«n»'w j 

© 
0 
Q. 
CP 

1 vt 
O 
O 

CD 
M 

SAMPLE 
NUMBER 

EFFLUENT A 
EFFLUENT B 
EFFLUENT c 
DOWN A 
DOWN B 
DOWN C 
UP NEAR 
UP MIDDLE 
UP FAR 

SAMPLE SILVER 
DATE 7440-22-4 

10/25/91 
(cng/L) 

10/25/91 0.01 
10/25/91 0.01 
10/25/91 0.01 
10/25/91 0.01 
10/25/91 0.01 
10/25/91 0.01 
10/25/91 0.01 
10/25/91 0.01 
10/25/01 0.01 

SODIUM 
QUAI 7440-23-fi 

U 
("W/U 

U 105 
U 113 
U 104 
U 31.2 
U 29.9 
U 31.1 
U 22.0 
U 21.2 
U 20.7 

QUAL 
VANADIUM 
7440-02-2 

(cng/L) 
0.12 
0.12 
0.21 
0.03 
0.03 
0.03 

0.01 

0.01 
0.01 

ZINC 
QUAI 7440-68-0 QUAI 

~U~ 
(cng/U 

~U~ 0.025 U 
U 0.037 U 

0.031 U 
u 0.012 U 
u 0.015 U 
u 0.008 U 
u 0.014 U 
u 0.010 U 
u 0.009 U 

>11 
CD 
<r 

2 
w 

N 
A 

£ ui 

NOT DETECTED, "ETEC'RONuSMnrKnJĴ Ĵ'jjugTO DEFICIENCY IN QC 
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TABLE G-2 

CHEMICAL ANALYTICAL RESULTS FOR PHYSICAL PARAMETERS IN EFFLUENT AND SURFACE WATER SAMPLES. 
MONSANTO PHASE IRI/FS 

•fl 
10 
cr* 

2 
D> 

« 
Ul 

ID 
in 

NO 

V 



TABLE G-g (Cont'd.) 

SAMPLES. MONSANTO PHASE I 

ESTIMATED VALUE 

NOT DETECTED. VALUE REPORTED IS THE SOL 



APPENDIX G-2 

SEDIMENT ANALYTICAL RESULTS 

Golder Associates 



2/2/95 TABLE G-3 913-1101.608 
page 1 of 3 

CHEMICAL ANALYTICAL RESULTS FOR INORGANIC PARAMETERS IN STREAM SEDIMENTS, MONSANTO PHASE II RI/FS 

O 
o 
a 
® 

v> 
O 
O 

® 
w 

LOCATION DATE ALUMINUM ARSENIC BERYLLIUM CADMIUM CHROMIUM COPPER 
7429-90-5 7440-38-2 7440-41-7 7440-47-3 7440-47-3 7440-47-3 

ma/ka aUAL ma/ka QUAL ma/ka QUAL ma/ka QUAL ma/ka QUAL ma/ka QUAL 
HSS3 100 27-Jul-93 1.7 J 0.9 U 19 
MSSS 100 12-Dec-92 2020 2.8 J 0.75 U 41.8 5.7 42.4 

SCSS 100 UP 27-Jul-93 
SCSS 600 03-Dec-92 5.3 14.4 J 4 
SCSS 700 04-Dsc-92 11.6 8.6 J 8.4 
SCSS 900 04-Dec-92 29.2 8.9 J 8.4 

SCSS 1200 04-Dec-92 18.7 27.7 J 10.1 
SCSS 2400 03-Dec-92 49.3 55.7 J 18.5 
SCSS 4400 27-Jul-93 31.4 J 20 15.9 
SCSS 6400 27-Jul-93 44.4 J 16.8 43 
SCSS 8400 27-Jul-93 32.5 J 17.4 56.1 

SCSS 8400FD 27-Jul-93 36 J 16.7 95.4 
SCSS 10400 27-Jul-93 46.2 J 23.8 28.3 
SCSS 12400 27-Jul-93 44.8 J 38.2 31.4 
SCSS 14400 26-Jul-93 87.8 J 29.2 18.9 
SCSS 15500 26-Jul-93 56.1 J 19.6 9.4 

SODA N 25-Oct-91 7280 J 8.2 J 2.7 25.1 J 13 J 7 
SODA OUTFLOW 25-Oct-91 7680 J 12 J 3 61 J 18 22 

SODA S 25-Oct-91 8460 J 15 J 3 29.6 J 19 16 
SODA UP FAR 25-Oct-91 3300 J 4.6 J 4 10.7 J 4 J 1 U 
SODA UP MID 25-Oct-91 8780 J 8.6 J 3.5 8.3 J 9.5 J 5 

SODA UP NEAR 25-Oct-91 7350 J 5.4 J 2 13.4 8.5 J 2 
SWSS 100 27-Jul-93 5.2 J 9.6 34.5 

J 
U 

ESTIMATED VALUE 
NOT DETECTED, VALUE REPORTED IS THE SQL 



2/2/95 TABLE G-3 913-1101.608 
page 2 of 3 

CHEMICAL ANALYTICAL RESULTS FOR INORGANIC PARAMETERS IN STREAM SEDIMENTS, MONSANTO PHASE II RI/FS 

0 
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a 
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O 
s' 
5? 
in 

LOCATION DATE IRON FLUORIDE LEAD MANGANESE MOLYBDENUM NICKEL POTASSIUM 
7439-89-6 7439-92-1 7439-66-5 7440-02-0 7440-09-7 

ma/ka QUAL ma/ka QUAL ma/ka QUAL ma/ka QUAL ma/ka QUAL ma/ka QUAL ma/ka QUAL 
HSS3 100 27-Jul-93 1.5 U 18.9 
MSSS 100 12-Dec-92 99.5 2.2 93.9 

SCSS 100 UP 27-Jul-93 6.5 
SCSS 600 03-Dec-92 1.4 U 15.7 
SCSS 700 04-Doc-92 3.5 U 31 
SCSS 900 04-Dec-92 2.6 U 37.7 

SCSS 1200 04-Dec-92 1.9 U 44.8 
SCSS 2400 03-Dec-92 4.2 U 72.4 
SCSS 4400 27-Jul-93 6.4 35.3 
SCSS 6400 27-Jul-93 4.7 39.3 
SCSS 8400 27-Jul-93 4.1 23.2 

SCSS 8400FD 27-Jul-93 5 27 
SCSS 10400 27-Jul-93 3.6 25.2 
SCSS 12400 27-Jul-93 4.2 34.7 
SCSS 14400 26-Jul-93 3.6 27.6 
SCSS 15500 26-Jul-93 3.3 26.8 

SODA N 25-Oct-91 1940 J 2.3 11 1200 82.3 1350 J 
SODA OUTFLOW 25-Oct-91 1730 J 2.1 11 693 153 1020 J 

SODA S 25-Oct-91 1970 J 1.7 10 1270 89 1390 J 
SODA UP FAR 25-Oct-91 1220 J 3.3 1.8 481 52 1420 J 
SODA UP MID 25-Oot-91 9580 J 2.2 7.5 913 52 7700 J 

SODA UP NEAR 25-Oct-91 1100 J 4.9 7.5 1050 62 9400 J 
SWSS 100 27-Jul-93 1.5 U 39.4 

J ESTIMATED VALUE 

U NOT DETECTED, VALUE REPORTED IS THE SQL 



# + 
kBCEG-3 913-1101. 2/2/95^ TABLE G-3 913-1101.608 

page 3 of 3 
CHEMICAL ANALYTICAL RESULTS FOR INORGANIC PARAMETERS IN STREAM SEDIMENTS, MONSANTO PHASE II RI/FS 
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LOCATION DATE SELENIUM SILVER SODIUM VANADIUM ZINC PH CEC 
7782-49-2 7440-22-4 7440-23-5 7440-62-2 7440-66-6 

ma/ka QUAL ma/ka QUAL mn/kn QUAL ma/kg QUAL ma/ka QUAL QUAL 
HSS3 100 27-Jul-93 2.3 J 1.8 U 19.7 J 7.01 J 
MSSS 100 12-Dec-92 347 0.19 J 8.4 372 6.97 

SCSS 100 UP 27-Jul-93 0.6 J 
SCSS 600 03-Dec-92 3.6 R 0.08 UJ 50.2 J 6.75 
SCSS 700 04-Dec-92 4.8 R 1.3 120 J 6.92 
SCSS 900 04-Dec-92 1.9 R 0.17 U 92.4 J 6.63 

SCSS 1200 04-Doc-92 20.4 J 0.11 UJ 53.2 J 6.43 
SCSS 2400 O3-D0C-92 63.1 J 0.25 UJ 103 J 7.04 
SCSS 4400 27-Jul-93 7.3 J 1.8 U 103 J 7.13 J 
SCSS 6400 27-Jul-93 3.3 J 1.8 U 85.6 J 7.15 J 
SCSS 8400 27-Jul-93 1.7 J 1.8 U 128 J 7.1 J 

SCSS 8400FD 27-Jul-93 1.1 U 1.8 U 132 J 7.23 J 
SCSS 10400 27-Jul-93 3.8 J 1.8 U 145 J 7.26 J 
SCSS 12400 27-Jul-93 5.2 J 1.8 U 159 J 6.83 J 
SCSS 14400 26-Jul-93 1.1 U 1.8 U 100 J 6.98 J 
SCSS 15500 26-Jul-93 1.2 J 1.8 U 86.9 J 7.08 J 

SODA N 25-Oct-91 1 0.2 600 94 100 7.1 33.2 
SODA OUTFLOW 25-Oct-91 0.8 0.5 700 114 170 7.9 65.1 

SODA S 25-Oct-91 1.2 0.5 800 208 110 7.6 58.1 
SODA UP FAR 25-Oct-91 0.8 U 0.1 900 17 27 7.6 37.7 
SODA UP MID 25-Oct-91 0.6 U 0.1 400 23 45 7.5 33.3 

SODA UP NEAR 25-Oct-91 0.6 U 0.1 500 30 47 7.1 31.6 
SWSS 100 27-Jul-93 5.1 J 1.8 U 24.4 J 7.6 J 

J 
u 

ESTIMATED VALUE 
NOT DETECTED, VALUE REPORTED IS THE SQL 



2/2/95 TABLE G-4 913-1101.608 
page 1 of 3 

ANALYTICAL RESULTS FOR RADIOLOGICAL PARAMETERS IN STREAM SEDIMENTS, MONSANTO PHASE II RI/FS 

LOCATION DATE ANALYSES LEAD-210 P0TASSIUM-40 P0L0NIUM-210 LOCATION DATE ANALYSES 
@ 46 KaV 

pCi/g 
(drv) 

ERROR 
( + /-) 

QUAL @ 1460 KeV 
pCi/g 
(drv) 

ERROR 
( + /-) 

QUAL TOTAL 
pCi/g 
(drv) 

ERROR 
( + /-) 

QUAL 

SODA N 25-Oct-91 0 0.3 3.3 0.7 0.5 0.1 
SODA UP FAR 25-Oct-91 0.8 0.3 4 0.6 0.5 0.2 

SODA S 25-Oct-91 0.5 0.2 5.3 0.8 0.6 0.2 
SODA UP MID 25-Oct-91 0.4 0.3 5.4 0.8 0.6 0.2 

SODA UP NEAR 25-0ct-91 0.1 0.3 6.9 0.8 0.9 0.2 
SODA OUTFLOW 25-0ct-91 3.6 1.1 8.3 2.8 3.3 0.4 

SCSS 700 04-Dec-92 TOTAL 0.6 0.2 U 
SCSS 600 04-Dec-92 TOTAL 0.6 0.3 U 
SCSS 900 04-Dec-92 TOTAL 0.6 0.3 U 
MSSS 100 12-Dec-92 TOTAL 1.3 0.6 
SCSS 1200 04-Doc-92 TOTAL 1.5 0.6 
SCSS 2400 03-Dec-92 TOTAL 2.3 0.9 
SCSS 4400 27-Jul-93 0.7 0.3 J 
SCSS 6400 27-Jul-93 1.4 0.3 

SCSS 8400 FD 27-Jul-93 1.6 0.4 
SCSS 8400 27-Jul-93 1.6 0.4 

SCSS 10400 27-Jul-93 1.5 0.4 
SCSS 12400 27-Jul-93 2.6 0.6 
SCSS14400 26-Jul-93 1.0 0.3 
SCSS15500 26-Jul-93 0.8 0.3 J 
HSS3 100 27-Jul-93 1.4 0.4 
SWSS 100 27-Jul-93 0.3 0.2 



2/2/95 TABLE G-4 913-1101.608 
page 2 of 3 

ANALYTICAL RESULTS FOR RADIOLOGICAL PARAMETERS IN STREAM SEDIMENTS, MONSANTO PHASE II RI/FS 

Q 
o 
a 
© 

r o 
o 
o 
5? m 

LOCATION DATE ANALYSES RADIUM-226 RADIUM-228 THORIUM-228 TH0RIUM-230 LOCATION DATE ANALYSES 
TOTAL 
pCi/g 
(dry) 

ERROR 
( + /-) 

QUAL TOTAL 
pCi/g 
(dry) 

ERROR 
( + /-) 

QUAL TOTAL 
pCi/g 
(dry) 

ERROR 
< + /-) 

QUAL TOTAL 
pCi/g 
(dry) 

ERROR 
( + /-) 

QUAL 

SODA N 25-Oct-91 0.4 0.2 0.3 0.2 0.4 0.1 0.4 0.1 
SODA UP FAR 25-Oct-91 0.6 0.2 0.6 0.2 0.5 0.2 0.5 0.2 

SODA S 25-Oct-91 0.6 0.2 0.4 0.2 0.3 0.1 0.7 0.2 
SODA UP MID 25-Oct-91 0.6 0.2 0.4 0.2 0.3 0.1 1.4 0.3 

SODA UP NEAR 25-0ct-91 0.8 0.2 1 0.2 0.6 0.2 0.8 0.2 
SODA OUTFLOW 25-Oct-91 0.8 0.8 2.3 0.8 0.5 0.2 0.9 0.2 

SCSS 700 04-Deo-92 TOTAL 
SCSS 600 04-Dec-92 TOTAL 
SCSS 900 04-Dec-92 TOTAL 
MSSS 100 12-Dec-92 TOTAL 
SCSS 1200 O4-D0C-92 TOTAL 
SCSS 2400 03-Doc-92 TOTAL 



TABLE G-4 913-1101.608 
page 3 of 3 

ANALYTICAL RESULTS FOR RADIOLOGICAL PARAMETERS IN STREAM SEDIMENTS, MONSANTO PHASE II RI/FS 

LOCATION DATE ANALYSES THORIUM-232 URANIUM LOCATION DATE ANALYSES 
TOTAL 

pCi/fl 
(drv) 

ERROR 
( + /-) 

QUAL TOTAL 
pCi/g 
(dry) 

ERROR 
< + /-> 

QUAL 

SODA N 25-Oct-91 0.2 0.1 0 0.3 U 
SODA UP FAR 25-Oct-91 0.2 0.1 0 0.4 U 

SODA S 25-Oct-91 0.1 0.1 0.6 0.4 
SODA UP MID 25-Oct-91 0.3 0.1 0.6 0.5 

SODA UP NEAR 25-Oct-91 0.3 0.1 0.5 0.4 
SODA OUTFLOW 25-Oct-91 0.4 0.2 0 1.2 U 

SCSS 700 04-Dec-92 TOTAL 
SCSS 600 04-Dec-92 TOTAL 
SCSS 900 04-Dec-92 TOTAL 
MSSS 100 12-Dac-92 TOTAL 
SCSS 1200 04-Dec-92 TOTAL 
SCSS 2400 03-Deo-92 TOTAL 



APPENDIX G-3 

TOXICITY ANALYTICAL RESULTS 

Golder Associates 



=\ HydroQual 
mSSm Laboratories Ltd PROJECT# 93041-6 

TEST#: 931230 

SAMPLE#: 93313-1to9 

DATE: 93/08/02 

TOXICITY TEST RESULTS 

TEST: ALGAL GROWTH, 72h INHIBITION/STIMULATION MICROPLATE (TP010b) 

SAMPLE REF: Golder Associates, Redmond, Washington, U.SA 

Soda Creek sediments (sampled 93/07/28) 

PROTOCOL: Biological Test Method: Growth Inhibition Test Using the Freshwater Alga 

Selenastrum capricornutum. Environment Canada 1992. EPS 1/RM/25. 

RESULTS: SEE PAGE 3 FOR RESULTS 

#3. 6125 - 12 STREET S.E., CALGARY. ALBERTA T2H 2K1 TELEPHONE (403) 253-7121. FAX (403) 252-9363. 



PAGE 2: SAMPLE AND TEST INFORMATION 

CLIENT: Golder Associates 

STREET: 4104 148 Ave N.E. 
OPERATION: Redmond, Washington 

STREET: 4104 148 Ave N.E. CONTACT: David Banton 
CITY: Redmond TEL: 206-883-0777 FAX: 206-882-5498 

PROV/STATE: Washington SUBLt i: not applicable 
COUNTRY/PC: USA | 98052 BILLING: not given 

SAMPLE: Soda Creek sediments 
I TYPE: comoosite 

I COMMENTS: See chain of custody record 
COLLECTED BY: T. Norton DATE: 93/07/28 I TIME: 0830-1025 

CONTAINER: nine 500mL bottles COMMENT: in cooler on ice 
CARRIER: Federal Express DATE: 93/07/28 ll 1 

uuomi iuim: nyarouuai Laboratories Ltd., 3-612512th St. S.E.. Caloary AB T2H 2K1 1 
CONTACT: S. Goudey/D. Untott TEL* (403) 253-7121 FAX: (403) 252-9363 

RECEIVED BY: B. Johnston DATE: 93/07/29 TIME; 1000 
SEALED: yes, seals 8662,8663 COMMENT: seals intact upon arrival 
COLOUR: brown ODOUR: organic 

OUMMENT5: no comment 

pH: not done 

TRC(mg/L): not done 

uu (mg/Lj: not done 

T (oC): not done 
HARDNESS (mg/L CaCQ3): not done I 

NH4+(mg/L): not done | 

STORAGE: 5oC room in the dark 
DISPOSAL: 

—m 
to sewer I DATE: not available | BY: not available 

COMMENTS: no comments 

HydroOual 
Laboratories Ltd 



PAGE 3 TEST DATA 

SAMPLE SAMPLE SAMPLE % 
NUMBER IDENTIFICATION PH COND STRENGTH CONTROLS SIG 

1% 65 SIG LESS 
93313-1 SCB3-100UA 10% 35 SIG LESS 

6.7 738 100% 3 SIG LESS 

1% 77 SIG LESS 
93313-2 SCB3-100UB 10% 69 SIG LESS 

6.8 631 100% 42 SIG LESS 

1% >100 

93313-3 SCB3-100UC 10% 92 SIG LESS 

7.1 649 100% 44 SIG LESS 

1% >100 

93313-4 SCB3-2400A 10% 50 SIG LESS 

7.0 1250 100% 10 SIG LESS 

1% >100 

93313-5 SCB3-2400B 10% 64 SIG LESS 

7.0 1222 100% 15 SIG LESS 

1% 97 

93313-6 SCB3-2400C 10% 64 SIG LESS 

7.2 770 100% 20 SIG LESS 

1% 93 SIG LESS 
93313-7 SCB3-100DA 10% 34 SIG LESS 

6.6 1305 100% 5 SIG LESS 

1% >100 

93313-8 SCB3-100DB 10% >100 

6.6 740 100% • 9 SIG LESS 

1% >100 
93313-9 SCB3-100DC 10% 26 SIG LESS 

7.0 700 100% 2 SIG LESS 

HydroQua! 
Laboratories Ltd 



HydroQual 
£ Laboratories Ltd. DATE: 93/8/13 

REF: 931305 

PROJ: 93041-6 

SAMPLE: 93313 

TOXICITY TEST RESULTS 

TEST: Sediment Chromotest (TP008c) 

SAMPLE REF: Golder Associates, Redmond, Washington, U.S A 

Soda Creek sediments (sampled 93/07/28) 

PROTOCOL: THE SEDIMENT CHROMOTEST, Direct Sediment Toxicity - Testing Procedure 

version 1.2.1993. Environmental Bio Detection Inc. Brampton, ON, Canada 

SAMPLE 

NUMBER 

SAMPLE 

ID 

NOEC 

(%) 

93313-1 SCB3-100UA 12  ̂

83313-2 SCB3-100UB 25 

93313-3 SCB3-100UC 25 

93313-4 SCB3-2400A 625 

93313-5 SCB3-2400B <625 

93313-6 SCB3-2400C 1Z5 

93313-7 SCB3-100DA 25 

93313-8 SCB3-100DB 1£5 

93313-9 SCB3-1OODC 6.25 

COMMENTS: - Toxicity is measured as a reduction in beta-galactosidase activity. 

- The results are reported as the highest sample concentration tested that did 

not have an effect on enzyme activity (NOEC). 

#3.6125- 12 STREET S.E., CALGARY. ALBERTA T2H 2K1 TELEPHONE (403) 253-7121, FAX (403) 252-9363 



SAMPLE#: 93313-1 to9 
I CLIENT#: 93041^6" 

PAGE 2: SAMPLE AND TEST INFORMATION 

STREET: 4104 148 Ave N.E. 

CITY: Redmond 

PROV/STATE: Washington 

CLIENT: Qolder Associates J 

OPERATION: Redmond, Washington 

CONTACT: David Banton 

T^L: 206-883-0777 FAX: 206-882-5498 
SUBLET* nnt anrtlSr»oHlA 1 { 

COUNTRY/PC: USA | 98052 BILLING: not given 

| sample: Soda Creek sediments I type* —;»— t) 
| COMMENTS: See chain of custody record ompos e 1 

| COLLECTED BY: T. Norton | DATE: 93/07/28 I 

CO Nl̂ l N  ̂ nine SOOrnL bottles 

CARRIER: Federal Express 
COMMENT: in cooler on ice 1 

DATE: 93/07/28 II — 

am— 
LOCATION: HydroQual Laboratories Ltd. 

CONTACT: S. Goudey/D. Lintott 

RECEIVED BY: B. Johnston 

SEALED: yes. seals 8662.8683 

3-612512th St S.E., Calgary, f 
TEL* (403) 253-7121 

DATE: 93/07/29 

3 T2H 2K1 

FAX: (403) 252-9363 

TIME: 1000 

COLOUR: brown 

COMMENTS: no comment 

1 COND (uS/cm): not done 

1 pH: not done 

| IRC (mg/L): not done 

DO (mg/L): 

T (oC): 

ODOUR: 

not done 

not done 

organic 

-

HARDNESS (mg/L CaCQ3); not done | 

_NH4+(mg/L): not done | 

HydroQual 
Laboratories Ltd 



PAGE 3 TEST DATA 

SAMPLE SAMPLE PH COND SAMPLE RESPONSE COMMENT 
NUMBER ID unit* uS/cm STRENGTH (X 

6.25 2 NOT TOXIC 
93313-1 SCB3-100UA 6.7 738 12.5 2 NOT TOXIC 

25 1 

50 0 TOXIC 

625 2 NOT TOXIC 
93313-2 SCB3-1OOUB 6.8 631 12.5 2 NOT TOXIC 

25 2 NOT TOXIC 

50 1 

6.25 2 NOT TOXIC 
93313-3 SCB3-100UC 7.1 649 12.5 2 NOT TOXIC 

25 2 NOT TOXIC 

50 1 

625 1 
93313-4 SCB3-240OA 7.0 1250 12.5 0 TOXIC 

25 0 TOXIC 

50 0 TOXIC 

625 1 
93313-5 SCB3-2400B 7JO 1222 12.5 1 

25 0 TOXIC 

50 0 TOXIC 

625 2 NOT TOXIC I 
93313-6 SCB3-2400C 72 770 12.5 2 NOT TOXIC 

25 0 TOXIC 

50 0 TOXIC 

6.25 2 NOT TOXIC I 
93313-7 SCB3-1OODA 6.6 1305 12.5 2 NOT TOXIC 

25 2 NOT TOXIC 

50 0 TOXIC I 

6.25 2 NOT TOXIC I 
93313-8 SCB3-1OODB 6.6 740 12.5 2 NOT TOXIC 

25 1 

50 0 TOXIC I 

6.25 2 NOT TOXIC I 
93313-9 SCB3-100DC 7.0 700 12.5 1 

25 0 TOXIC 

50 0 TOXIC 
NOTE: The response Is based on the Intensity ot e coloured 

A value of two b derk blue end not toxic. 

reaction which Is a relative measure of enzyme actMty. 



APPENDIX GA 

EVALUATION OF SEDIMENT CHEMISTRY, TOXICITY, AND 
BENTHIC INVERTEBRATE COMMUNITY STRUCTURE 

IN SODA CREEK AND ALEXANDER RESERVOIR 

Golder Associates 



Golder Associates Inc. 

4104-148th Avenue. NE 
Redmond, WA 98052 
Telephone (206) 883-0777 
fox (206) 882-5498 

r Golder 
Associates 

EVALUATION OF SEDIMENT CHEMISTRY, TOXICITY, AND 
BENTHIC INVERTEBRATE COMMUNITY STRUCTURE 

IN SODA CREEK AND ALEXANDER RESERVOIR 

Prepared for: 

Monsanto Chemical Company 
Soda Springs, Idaho 

Prepared by: 

Golder Associates Inc. 
Redmond, Washington 

November 27,1995 913-1101.0601 

OFFICES IN AUSTRALIA, CANADA, GERMANY, HUNGARY, ITALY, SWEDEN, UNITED KINGDOM. UNITED STATES 



November 27, 1995 i 913-1101.0603 

CONTENTS 

1. INTRODUCTION 1 

2. ENVIRONMENTAL SETTING 3 

2.1 SODA CREEK 3 
2.2 ALEXANDER RESERVOIR 4 

3. PREVIOUS SURFACE WATER AND SEDIMENT INVESTIGATIONS 5 

4. CURRENT INVESTIGATION 7 

4.1 SAMPLE LOCATIONS 7 
4.2 SAMPLE COLLECTION 7 
4.3 BENTHIC COMMUNITY ANALYSIS 8 
4.4 TOXICITY TESTING 9 
4.5 DATA ANALYSIS AND STATISTICS 9 

4.5.1 Sediment Chemistry 10 
4.5.2 Benthic Community 11 
4.5.3 Toxicity Testing 11 

5. INVESTIGATION RESULTS 14 

5.1 SEDIMENT AND SURFACE WATER CHARACTERIZATION 14 
5.2 BENTHIC COMMUNITY 16 

5.2.1 Soda Creek 16 
5.2.2 Alexander Reservoir 23 

5.3 TOXICITY TESTING 24 

6. DISCUSSION 25 

6.1 SODA CREEK 25 
6.2 ALEXANDER RESERVOIR 26 

7. SUMMARY AND CONCLUSIONS 28 

8. LITERATURE CITED 30 

Figures: 

2-1 Hydrologic Features in the Vicinity of the Monsanto Plant. 
2-2 Approximate Flow Through The Soda Creek Stream System 
3-1 Phase I Surface Water Sampling Locations. 
3-2 Phases I & II Stream Sediment Sampling Locations. 
4-1 Sample Site Locations for Soda Creek and Alexander Reservoir. 
5-1 Total Arsenic Concentration for Sediment Samples from Soda Creek 
5-2 Total Cadmium Concentration for Sediment Samples from Soda Creek. 
5-3 Total Copper Concentration for Sediment Samples from Soda Creek. 
5-4 Total Nickel Concentration for Sediment Samples from Soda Creek 
5-5 Total Selenium Concentration for Sediment Samples from Soda Creek. 

Golder Associates 



November 27. 1995 ii 913-1101.0603 

Figures (Cont.) 

5-6 Total Vanadium Concentration for Sediment Samples from Soda Creek. 
5-7 Total Arsenic Concentration for Sediment Samples from Alexander Reservoir. 
5-8 Total Cadmium Concentration for Sediment Samples from Alexander Reservoir. 
5-9 Total Copper Concentration for Sediment Samples from Alexander Reservoir. 
5-10 Total Nickel Concentration for Sediment Samples from Alexander Reservoir. 
5-11 Total Selenium Concentration for Sediment Samples from Alexander Reservoir. 
5-12 Total Silver Concentration for Sediment Samples from Alexander Reservoir. 
5-13 Total Vanadium Concentration for Sediment Samples from Alexander Reservoir. 
5-14 Standardized Mean Arsenic Concentrations and Multiple Comparison Error Bars in 

Soda Creek Sediments. 
5-15 Standardized Mean Cadmium Concentrations and Multiple Comparison Error Bars 

in Soda Creek Sediments. 
5-16 Standardized Mean Copper Concentrations and Multiple Comparison Error Bars in 

Soda Creek Sediments. 
5-17 Standardized Mean Nickel Concentrations and Multiple Comparison Error Bars in 

Soda Creek Sediments. 
5-18 Standardized Mean Selenium Concentrations and Multiple Comparison Error Bars 

in Soda Creek Sediments. 
5-19 Standardized Mean Silver Concentrations and Multiple Comparison Error Bars in 

Soda Creek Sediments. 
5-20 Standardized Mean Vanadium Concentrations and Multiple Comparison Error Bars 

in Soda Creek Sediments. 
5-21 First Set of Canonical Covariates for Sediment Samples from Soda Creek. 
5-22 Second Set of Canonical Covariates for Sediment Samples from Soda Creek-

Tables: 

3-1 Surface Water Quality Data. 
3-2 Water Quality of Mormon Springs. 
3-3 Metal Loading to Soda Creek at the Monsanto Outfall and Mormon Springs 
3-4 Constituent Summary of Phase I Soda Creek Sediment Samples. 
3-5 Constituent Summary of Phase II Soda Creek Sediment Samples. 
3-6 Results of Phase II Soda Creek Sediment Biological Toxicity Test. 
4-1 Summary Of Toxicity Data Used From Soda Creek Sites For Statistical Analyses 
5-1 Physical and Chemical Characteristics of Sediments from Soda Creek and 

Alexander Reservoir. 
5-2 Concentrations of Total Metals in Soda Creek Sediment Samples (mgdcg dry wt). 
5-3 Concentrations of Total metals in Alexander Reservoir Sediment Samples (mg'kg 

dry wt.) 
5-4 Metal Concentrations (mg/kg dry wt.) in Sediment Cores Collected from Soda 

Creek and Alexander Reservoir. 
5-5 Surface Water Chemistry 

Golder Associates 



November 27, 1995 iii 913-1101.0603 

Tables (Cont.) 

5-6 Mean and Standard Deviation (mg/'kg clay) tor Each of the Chemical Constituents 
and pH in the Sediments at Each Station in Soda Creek. 

5-7 Mean and Standard Deviation (mg/kg clav) tor each ot the Chemical Constituents 
and pH tor each group in the Sediment Samples from the Reservoir. 

5-cS Results of ANOVAs and Dunnett's Multiple Comparison tor Each ot the Chemical 
Constituents and pH for Each Group in the Sediment Samples from Alexander 
Reservoir. 

5-9 Mean and Standard Deviation for Each of the Benthic Organisms in the Sediments 
at Each Station in Soda Creek. 

5-10 Mean and Standard Deviation for Each of the Benthic Organisms in Each Group for 
the Sediment Samples from the Reservoir. 

5-11 Canonical Coefficients for the Sediment Samples from Soda Creek. 
5-12 Benthic Organisms Identified in Sediments from Soda Creek Erosional Stations. 
5-13 Mean and Standard Deviation of Percent Mortality and Organism Dry Weight of 

Each Station for the Sediment Samples. 
5-14 Results of Tukey's Multiple Comparison Test for Organism Dry Weight of the 

Sediment Samples from Alexander Reservoir. 

Attachments: 

I 10 Day Survival and Growth Test Results 
II Soda Creek and Alexander Reservoir Sediment Data and Data Validation 

Summary 

Golder Associates 



November 27. 1995 1 913-1101.0603 

1. INTRODUCTION 

This report documents work completed to date on investigations to characterize the quality 
of sediment and surface water in Soda Creekand Alexander Reservoir, near Soda Springs, 
Idaho. The work is part ot the Remedial lnvestigation/Feasibilitv Studv (Rl/FS) ot the 
Monsanto Company Elemental Phosphorus Plant in Soda Springs, Idaho. 

As part of the remedial investigation (RI) sediments were collected from Soda Creek in 1992 
(Phase 1) and 1994 (Phase II). The Phase 1 investigations focused on determining if 
non-contact cooling water was a potential source of constituent input to Soda Creek 
(Golder 1992). Following additional sediment sampling as part of the Phase II RI, 
groundwater discharge of constituents of potential interest to Soda Creek has also been 
identified as a potential source of interest (Golder 1994a). Based on data collected to date, 
the U.S. Environmental Protection Agency (USEPA) concluded in the ecological risk 
assessment for the site (USEPA 1995) that cadmium and selenium in sediments posed a 
potential risk to sensitive aquatic organisms in Soda Creek. 

Alexander Reservoir is an impoundment of the Bear River near Soda Springs, that supports 
a sport fishery and provides habitat to migratory birds. No measurements of water or 
sediment quality in Alexander Reservoir were made during either the Phase I or Phase II RI 
activities at the Monsanto site. 

As a result of the potential risk to organisms in Soda Creek, the USEPA requested that 
Monsanto conduct additional sampling of sediment and macro-invertebrates in both Soda 
Creek and Alexander Reservoir. The purpose of the sampling was to determine the quality 
of the sediment and water in Soda Creek and Alexander Reservoir and whether the aquatic 
community in either Soda Creek or Alexander Reservoir had been affected by discharge of 
either the non-contact cooling water or the natural discharge of affected groundwater from 
springs south of the Monsanto plant. 

Monsanto prepared a work plan to complete the sediment and water quality investigation 
(Golder, 1994b). The Work Plan was approved by the USEPA on November 2,1994. 

The objectives of the Work Plan were: 

• to determine the concentrations and spatial distributions of constituents of potential 
interest (especially cadmium and selenium) in sediments of Soda Creekand in 
Alexander Reservoir at the mouth of Soda Creek; 

• to sample suitable reference (background) sediments from Soda Creekand Alexander 
Reservoir for comparison purposes; 

• to characterize the physical nature of the sediments; 

• to characterize the biological toxicity of the sediments; 

• to characterize the benthic invertebrate community structure at sample locations; 
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• to characterize the water quality overlying the sampled sediments; and 

• to ensure sediment samples (test sediments and reference sediments) were collected 
from similar depositional environments to minimize variability. 

To evaluate sediment qualitv in both Soda Creek and Alexander Reservoir, the Sediment 
Quality Triad (Triad) approach (Chapman 1992) was adopted. By using this approach, the 
information from: 1) chemical analyses on presence, concentration, and variability of 
constituents of potential interest; 2) ecological surveys on community structure of benthic 
invertebrates; and 3) toxicity testing are integrated to determine whether adverse 
ecological effects have occurred. If these effects are observed then the information can be 
used to establish a link between these adverse effects and the chemistry of the site. This 
memorandum describes all sediment and water quality data that has been collected from 
Soda Creek and Alexander Reservoir during all phases of the RI at the Monsanto plant. 
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2. ENVIRONMENTAL SETTING 

2.1 Soda Creek 

Soda Creek is a tributary to the Bear River in southeastern Idaho. Soda Creek forms the 
main surface water drainage feature of the valley north of Soda Springs. The valley is 
bordered by Soda Springs Hills and Ninety Percent Range on the west, the Blackfoot 
Reservoir on the north, the Aspen Range on the east, and the Bear River on the south 
(Figure 2-1). Soda Creek originates at Fivemile Meadows, an area of marshland and 
springs, flows south to Soda Creek Reservoir and eventually discharges into Alexander 
Reservoir west of the City of Soda Springs. Average annual flows for Soda Creek (at the 
Fivemile Meadows gauge for 1965 to 1986) is 18 cubic feet per second (cfs) (Hydrosphere 
1993). Soda Creek passes within 2,000 feet of the Monsanto plant. 

From Fivemile Meadows, Soda Creek flows into Soda Creek Reservoir, that has an 
approximate storage capacity of 2,500 acre-feet. Much of the water released from the 
reservoir re-enters Soda Creek through a spillway and a powerhouse located 
approximately 5,000 feet downstream of the reservoir. Further downstream of this 
powerhouse is the outfall used by Monsanto for discharge of non-contact cooling water 
(Section 3). Immediately downstream of the outfall (approximately 100 feet) is a diversion 
dam that redirects all of the Soda Creek flow year-round into a canal. Below this dam, Soda 
Creek is a meandering trickle with flows considerably less than one cfs. The flow rate in 
Soda Creek increases downstream due to groundwater discharge to the creek Specific 
discharge points to Soda Creek downstream of the diversion dam are Southwest Springs, 
Mormon/Calf Springs, and Homestead Spring. Southwest Springs inflow is approximately 
1,000 feet downstream of the diversion dam. Inflow to Soda Creek from Southwest Springs 
is less than 0.2 cfs. The inflow from Mormon/Calf Springs is approximately 1,500 feet 
downstream of the diversion dam. Inflow to Soda Creek from Mormon/Calf Springs is less 
than 0.2 cfs. Homestead Spring is approximately 4,500 feet downstream of the diversion 
dam and inflow is less than 0.02 cfs. Approximately 5,000 to 6,000 feet downstream of the 
diversion dam are two powerhouses, through which a portion of the Soda Creek flow is 
returned to the creek The flow returned to the creek depends on power generation and 
demand for irrigation water. A second diversion dam on Soda Creek is located 
approximately 2,000 feet below the last powerhouse. This dam diverts water from Soda 
Creek into Soda Canal during the summer months. The remaining water in Soda Creek 
continues to flow southwest into Alexander Reservoir. The Soda Creek hydrology is 
illustrated schematically in Figure 2-2. 

The Idaho Department of Health and Welfare (IDHW) has conducted evaluations of Soda 
Creek and tributaries in the vicinity of the Monsanto Plant. The state reports that Hooper 
Springs - a natural, sodic spring outside of the Plant boundaries has a natural but severe 
impact on the aquatic life in Soda Creek (Perry, J., IDHW- Division of Environment [Memo 
to G. Hopson, IDHW-Division of Environment] March 22,1976). Hooper Spring discharges 
into Soda Creek to the west of the Monsanto Plant, well above the point of confluence with 
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Monsanto's National Pollution Discharge Elimination System (NPDES)-permitted, non-
contact cooling water discharge into Soda Creek. 

The IDHW study indicated that the diversity of Soda Creek benthic macroinvertebrate 
community is decreased due to the naturallv-occurring highly mineralized and carbonated 
spring water that feeds the creek. This study did not document any unique habitat or 
"soda-dependent" species in Soda Creek. The impact due to the high carbon dioxide 
content has been measured from the headwaters down to and below the outfall of the 
plant discharge. The water quality does improve in the lower reaches of the creek after the 
gas concentration has decreased, allowing the macroinvertebrate population to recover. 

The IDHW study also included a fish survey. No fish were noted within the upper 
portions of Soda creek due to the harsh environmental conditions imposed by the naturally 
carbonated springs that feed the creek. Small numbers of fish (salmonids) were noted in 
the lower reaches of Soda Creek, about one mile above the confluence with the Bear River. 
The study concluded the Soda Creek ecosystem in proximity to the Plant consists of only 
"other aquatic life", and that no adverse environmental effects could be found to be 
attributable to the Monsanto discharge. 

Soda Creek is not considered a sensitive habitat because it does not provide significant fish 
habitat. In addition, it is not critical habitat because no sensitive, threatened or endangered 
species use the creek as habitat. 

2.2 Alexander Reservoir 

Alexander Reservoir is an impoundment of the Bear River (Figure 2-1) downstream of the 
City of Soda Springs' wastewater treatment plant. The reservoir is used for recreation, 
irrigation, and hydroelectric power generation. During 1986 and 1988, average annual 
storage capacity was 12,410 and 12,607 acre-feet, respectively (Hydrosphere 1992). 
Minimum flows below the dam are 150 cfs. Normal elevation of the reservoir surface is 
5,716 feet above sea level During power generation, the reservoir elevation may fluctuate 
one to three feet. 

Alexander Reservoir provides a marginal rainbow trout and yellow perch fishery. The 
reservoir also provides seasonal habitat for bald eagles, white pelicans, and Canada Geese. 
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3. PREVIOUS SURFACE WATER AND SEDIMENT INVESTIGATIONS 

During Phase 1 and Phase 11 R1 activities at the Monsanto Plant, samples were collected 
from the non-contact cooling water (Phase 1) , surface water from Soda Creek and 
associated springs (Phase I), and sediments from Soda Creek (Phase 1 and 11). The exposure 
pathways conceptual model for the Monsanto Plant (Golder 1991) identified the discharge 
of non-contact cooling water to Soda Creek as a potential exposure pathway for humans 
and ecological receptors. Therefore, samples were collected to evaluate the non-contact 
cooling water as a potential source and to determine the nature and extent of constituents 
of potential interest in the aquatic environment. The following briefly summarizes 
sampling and analysis conducted during the RI. Specific details are provided in Golder 
1992 and 1994a. 

The non-contact cooling water is used to cool the furnace shell and other equipment 
during phosphorus production. The water is obtained from production wells at the plant. 
The water passes over the outer furnace shell to maintain proper temperature and does not 
contact any process material. After leaving the furnace the water passes through a settling 
pond for cooling and particulate removal prior to being discharged, under a National 
Pollution Discharge Elimination System permit to Soda Creek. The non-contact cooling 
water is discharged into Soda Creek at an average annual rate of 4.5 cfs from an outfall 
immediately upstream of the diversion dam. Three samples were collected during the 
Phase I RI (Golder 1992) and results are shown in Table 3-1. Constituents detected in the 
non-contact cooling water are cadmium, calcium, fluoride, magnesium, nitrate-nitrogen, 
ortho-phosphate, selenium, sodium, and sulfate. Estimated constituent loading to Soda . 
Creek from the discharge of non-contact cooling water is shown in Table 3-3. 

A total of six surface water samples were collected from Soda Creek during the Phase I RI 
to determine if the constituents found in the effluent affected the water quality of Soda 
Creek (Golder 1992). Sample locations are shown in Figure 3-1. Three samples each were 
collected upstream and downstream of the Monsanto outfall. Because of the complete 
diversion of Soda Creek flow, the three samples downstream of the outfall were actually 
collected in the diversion canal. Analytical results for the surface water samples are shown 
in Table 3-1. A statistical comparison (t-test) between the reference (upstream) sample 
group and downstream sample group was made to determine which constituents 
attributable to Monsanto were present at elevated concentrations. The only chemical 
constituents found at statistically significant elevated concentrations downstream of the 
outfall in surface water were calcium, chloride, nitrate-nitrogen, sodium, and sulfate. 

The water quality of Mormon Springs, which discharges into Soda Creek (Figure 3-1) has 
also been measured as part of the RI at Monsanto. Analytical results from water samples 
collected from Mormon Springs (Mormon A) since 1991 are summarized in Table 3-2. 
Results of the Phase II RI show that Mormon Springs is a discharge point for groundwater 
that migrates beneath the Monsanto Plant within the UBZ-2 groundwater zone (Golder 
1994a). The RI identified a potential for future discharge of cadmium, fluoride, manganese, 
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molybdenum, nickel, nitrate, and selenium from the UBZ-2 zone to Soda Creek. Estimated 
constituent loading to Soda Creek trom Mormon Springs discharge is shown in Table 3-3. 

Sediment samples from Soda Creek were collected during Phases 1 and II of the RI (Colder 
1992 and 1994a). Samples were collected upstream (reference) and downstream of the non-
contact cooling water outfall, and in several spring-fed creeks (Southwest, Mormon/Calf, 
and Homestead Springs), upstream from their confluence with Soda Creek. Sample 
locations are shown on Figure 3-2. In addition to testing for chemical constituents, selected 
sediment samples from Soda Springs were screened for biological toxicity during the Phase 
II RI. Chemical analyses for Soda Creek sediments collected during Phases 1 and II are 
summarized in Tables 3-4 and 3-5, respectively. The results of Phase II biological toxicity 
testing are shown in Table 3-6. 

Based on data collected during the Phases I and II investigations, the Phase II RI concluded 
that arsenic, cadmium, nickel, selenium, silver, vanadium, and polonium-210 were present 
at elevated concentrations in sediments collected downstream of the Monsanto outfall. 
Although sediment samples collected downstream of the Monsanto outfall had higher 
toxicities than reference sediment samples, the reference samples had an inherent toxicity 
relative to laboratory controls. Consequently, the toxicity testing did not conclusively show 
that constituents released to Soda Creek, either through the outfall or through 
groundwater discharge, could cause an adverse ecological effect. 

Using information from the Phase II RI, USEPA performed an ecological risk assessment 
that included Soda Creek sediments (USEPA 1995). The risk assessment evaluated 
potential exposure of aquatic receptors to constituents found in sediments. The risk 
assessment characterized the aquatic habitat of Soda Creek as naturally harsh due to high 
levels of carbon dioxide in the water. Consequently, the creek does not support a rich (i.e., 
diverse) ecosystem nor provide a trout fisheries resource, except near the confluence with 
Alexander Reservoir. The risk assessment evaluated impairment of aquatic habitat as an 
ecological endpoint by comparing sediment and water quality to proposed or promulgated 
criteria. For sediments, the risk assessment found that arsenic, cadmium, copper, nickel, 
and selenium all exceeded surrogate sediment quality reference levels. The risk 
assessment concluded, however, that because Soda Creek represented a limited habitat, 
there was little potential for adverse impact due to the presence of these constituents in 
sediment. 
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4. CURRENT INVESTIGATION 

The current investigation was required bv USEPA to provide additional information tor the 
Phase 11 R1 on the potential effect to the aquatic environment of Soda Creek or Alexander 
Reservoir posed bv releases of substances from the Monsanto plant. The information 
collected as part of this investigation is intended to supplement data collected bv previous 
RI activities. The information presented is intended to resolve outstanding issues 
regarding ecological risk in Soda Creek. 

4.1 Sample Locations 

Based on previous investigations of Soda Creek, the creek was divided into 10 reaches that 
were intended to reflect similar hydrology and sediment deposition characteristics. Reach 
boundaries were determined during a reconnaissance survey and reviewed on November 
7 and 8,1994 by USEPA just prior to sampling. Three reaches located upstream of the 
Monsanto non-contact cooling water outfall were chosen for collection of reference 
samples (SCC-1, SCC-2, and SCC-3). The remaining seven reaches (SC-1, SC-2, SC-3, SC-4, 
SC-5, SC-6, and SC-7) were located downstream of the outfall to the confluence of Soda 
Creek with Alexander Reservoir (Figure 4-1). The reaches downstream of the outfall were 
selected to identify the downstream distribution of the constituents of potential interest. 

Within each reach, the sample station was determined by selecting the first depositional 
zone encountered beginning at the downstream boundary of the reach. At each station in 
Soda Creek, three replicate samples (e.g., SC-1A, SC-1B, and SC-1C) were collected. 
Sediments from Soda Creek were sampled between November 11 to 16,1994. Each 
replicate sample was collected from a 3- x 6-ft area. In addition to the depositional sample 
station, the closest upstream erosional zone was also sampled for benthic invertebrate 
analysis. 

Sediments at a total of 18 stations were sampled in Alexander Reservoir (Figure 4-1) 
between November 6 to 10,1994. Nine stations were located at the mouth of Soda Creek: 
ARS-1, ARS-2, ARS-3, ARS-4, ARS-5, ARS-6, ARS-7, ARS-8, and ARS-9. These stations were 
located to allow evaluation of spatial distribution in constituents of potential interest as 
Soda Creek enters Alexander Reservoir. The remaining nine stations (ARC-1, ARC-2, 
ARC-3, ARC-4, ARC-5, ARC-6, ARC-7, ARC-8, and ARC-9) were sampled as reference 
stations and were located in Alexander Reservoir (Figure 4-1) so as to be unaffected by 
Soda Creek. 

4.2 Sample Collection 

Sample collection proceeded in a downstream to upstream direction. Surface sediment 
samples (0 to 2.5 in) were collected from Alexander Reservoir and from depositional 
zones in Soda Creek using a petite Ponar grab [0.25-ft2 (0.023-m2 ) area]. Samples were 
collected for benthic invertebrate analysis and for chemical, toxicity, and physical 
properties. Each analytical sample was a composite of two grabs of the surface layer. 
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Samples lor chemical, toxicity, and physical properties were collected betore benthic 
samples to minimise the possibility of cross-contamination. Samples tor chemical 
analysis were transferred into acid washed glass sample jars; samples for toxicity 
testing and physical properties were transferred to one-gallon plastic bags. 

Benthic samples were passed through a 500 pm mesh sieve to remove silt. The 
remaining material was then transferred to a labelled, plastic, 1-L container and was 
preserved in 10% formalin. 

A Surber sampler was used to collect benthic samples from erosional sites (Gibbons et 
al. 1993). The Surber sampler encompassed an area of 1-ft' (0.092-m2) and the 
collecting net had a mesh size of 363 pm. At each sampling site, the sampler was 
placed on the bottom and the enclosed bottom material was manually disturbed for 
approximately one minute to remove all attached invertebrates. After removal of the 
sampler from the stream, the contents of the net were transferred into a labelled, 
plastic, 1-L container and were preserved in 10% formalin. All erosional samples were 
taken in areas with predominantly cobble/gravel substrata as close to mid-channel as 
possible. The collection net was back-washed to remove any clinging organisms and 
the sampler was rinsed before taking the next sample. 

Sediment samples were also collected at depth from five locations in Soda Creek (SCC-1, 
SCC-3, SC-2, SC-4, and SC-5) and four locations in Alexander Reservoir (ARC-3, ARC-6, 
ARS-2, and ARS-9) using a 2-inch hand corer. The objective of collecting core samples was 
to allow depth profiling of chemical constituents. After collection, core samples were 
subdivided based on observed sedimentation units and transferred into glass jars for 
transport to the laboratory. 

Surface water samples were also collected at selected sampling stations in Soda Creek 
(SCC-1, SCC-3, SC-2, SC-3, SC-4, and SC-6) and Alexander Reservoir (ARC-3, ARC-6, ARS-2, 
and ARS-9). Water samples were collected approximately one-foot above the sediment 
surface. Water samples from the creek were collected directly into a sample bottle. Water 
samples from the reservoir were collected using a 2-L VanDorn water sample bottle and 
then transferred to a sample bottle. After collection, aliquots were tested for pH, 
conductivity, temperature, and dissolved oxygen. 

Sediment samples were analyzed for arsenic, cadmium, copper, molybdenum, nickel, 
selenium, silver, vanadium, total organic carbon, pH, and grain-size distribution. Surface 
water samples were analyzed for cadmium, calcium, selenium, sodium, alkalinity, 
magnesium, pH, conductivity, hardness, and total dissolved solids. 

4.3 Benthic Community Analysis 

Samples of benthic invertebrates were sorted and identified according to standard 
methods developed using the appropriate scientific literature (Klemm et al. 1990, 
APHA et al. 1989, Gibbons et al. 1993). First, each sample was elutriated to remove 
sand and gravel and was passed through a 1-mm sieve, which separated it into coarse 

Golder Associates 



November 27. 1995 9 913-1101.0603 

and line size tractions. Subsampling was employed only tor large samples, and onlv 
tor the tine size traction, according to methods outlined bv Wrona et al. (1982). 
Invertebrates were removed from the organic detritus under a dissecting microscope 
and were identified to the lowest practical taxonomic level, typically genus for most 
insects. Small, earlv ins tar animals were identified to the lowest taxonomic level 
possible, generally to family. Identifications were made using recognised taxonomic 
keys (Edmunds et al. 1976, Wiggins 1977, Merritt and Cummins 1984, Brinkhurst 1986, 
Stewart and Stark 1988, Pennak 1989, Clifford 1991). Invertebrate numbers were 
tabulated by site. 

As a quality control measure, invertebrates from three samples (one from Alexander 
Reservoir; two from Soda Creek) were re-identified by an additional taxonomist. 
Ninety percent agreement (calculated as the sum of minimum numbers of each taxon 
in a re-identified sample/mean total invertebrates in the same sample x 100) was 
deemed as the acceptable minimum degree of agreement between taxonomists. 

4.4 Toxicity Testing 

Whole sediment toxicity tests were conducted with Chironomous tentans (10-day exposure) 
based on standard test methods (ASTM 1993). Chironomous tentans was chosen to be the 
test organism because it is representative of Chironomous spp. found in Soda Creek and 
Alexander Reservoir. There were two measures of toxicity: mortality (percent) and growth 
(dry weight/organism). Overlying dilution water was supplemented with sodium 
bicarbonate (CN„ = 33 mg/L) to approximate conductivity, alkalinity, and sodium content of 
site surface waters (Soda Creek and Alexander Reservoir). 

Sediments were homogenized with interstitial water present in the sample container and 
dispensed into beakers. Sediments were not sieved prior to testing. Four hundred 
milliliters of adjusted dilution water was added to the sediments and the sediments 
allowed to settle overnight. Laboratory controls consisted of 100 mL of acid-washed silica 
sand (70 mesh) and 400 mL of the adjusted dilution water. Testing was conducted using 
three replicates of each sample and six replicates of each laboratory control. Test vessels 
were aerated for approximately one-hour prior to test initiation. 

At test termination (Day 10), the sediments were sieved and the number of surviving 
chironomids recorded. The surviving chironomids were then dried at 60°C and weighed to 
assess growth. 

4.5 Data Analysis and Statistics 

The data for Soda Creek consists of three samples from each of the 10 stations (three 
reference and seven test stations). For Alexander Reservoir, the data consists of nine 
samples collected from a reference area and nine samples collected from the test area near 
the mouth of Soda Creek (Figure 3-1). Samples collected near the mouth of Soda Creek 
were divided on the basis of their distance from the mouth of Soda Creek into 3 groups, of 
3 samples each. Group 1 (ARS-1, ARS-2, and ARS-3) is the farthest from Soda Creek, Group 
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3 (ARS-7, ARS-8, and ARS-9) is the closest to Soda Creek, and Group 2 (ARS-4, ARS-5, and 
ARS-6) is between the other two groups. 

The chemical concentrations in the creek and reservoir sediment samples were 
standardized to sample clay content to minimize differences because of changes in sample 
grain-size. Clay content was used because these particles have a relatively large surface 
area to volume ratio and a surface electric charge. Together these properties increase the 
likelihood of constituent sorption and make the clay fraction more chemically and 
biologically reactive (Power and Chapman 1992). 

Samples with results that were less than the detection limit were replaced with one-half 
the detection limit. Molybdenum concentrations in reservoir samples were all less than the 
detection limit and only Soda Creek stations SC-2 and SC-3 had all three samples above the 
detection limit. Consequently, molybdenum was not included in the statistical analyses for 
either the creek or the reservoir. 

Before data analysis, the invertebrate data matrices were reduced to exclude rare taxa 
(Culp and Davies 1980, Pontasch et al. 1989, Corkum 1990, Whitehurst and Lindsey 
1990). Rare species were excluded from evaluation because the presence of an 
individual at any given sit would not be meaninful. There is insufficient information 
on habitat requirements to evaluate their presence or absence. Abundant species 
contain most of the information in the sample, and since their densities are higher, 
relationships among sites may be detected more reliably (Gauch 1982). Data reduction 
was performed separately for Soda Creek and Alexander Reservoir. Data from samples 
collected in the erosional zone of Soda Creek were not included in the analysis because 
no chemical or toxicity data were collected. 

All the statistical tests described below assume the data are normally distributed and 
that the variances between groups are homogenous. These tests are robust against 
small departures from the normality by heterogeneity of the variances. Therefore, 
when necessary the data was transformed to correct for the heterogeneity. The results 
of the statistical tests described below are considered to be significant when the 
probability of a false positive or Type I error (p) is 0.05 or less. 

4.5.1 Sediment Chemistry 

Variances of constituent concentrations among the creek stations or among the reservoir 
groups were heterogeneous. Therefore, the data was transformed (log10) before statistical 
analysis. Comparisons of mean composition for all of the metals at each station (creek) or 
group (reservoir) were made using a one-way multivariate analysis of variance (MANOVA; 
Seber 1984). A balanced design was used for samples from the creek and an unbalanced 
design was used for samples from the reservoir. Given a statistically significant difference 
in the MANOVA, a one-way univariate analysis of variance (ANOVA; Milliken and 
Johnson 1984) was used to identify significant differences for individual chemical 
constituents. The MANOVA was performed prior to the univariate ANOVAs to maintain 
the false positive rate of 0.05. When one-way univariate ANOVAs are performed for each 
of the seven chemical constituents plus pH and evaluated independently at a false positive 
error rate of 0.05, the experiment - wise false positive error rate is 0.34. For significant 
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differences in chemical constituents in creek samples, a Tukev-Kramer multiple 
comparison test (Neter et al. 1985) was performed to determine simultaneously which of 
the stations are significantly different from the reference stations. For significant 
differences in chemical constituents in reseryoir samples, Dunnett's multiple comparison 
test (Steel and Torrie 1980) was performed to determine simultaneously which of the 
groups are significantly different from the reference area. 

4.5.2 Benthic Community 

A MANOVA with the same design layout as described in Section 4.5.1 was performed 
using the benthic organisms that contribute at least 5% of the total number of invertebrates 
for two or more stations, total invertebrates and number of taxa. The benthic organisms 
included in the MANOVA for the creek were Tubificidae, Tantytarsini, Orthocladiinae, 
Chironomus sp., and Tanypodinae. The MANOVA for the creek was performed on the log10 
transformation of the data. The benthic organisms included in the MANOVA for the 
reservoir were Tubificidae, Chironomus sp., and Naididae. 

The MANOVA indicates whether there is a statistically significant difference in the benthic 
fauna between two or more stations or groups. If there is no statistically significant 
difference in the benthic fauna, then there cannot be a significant association between the 
sediment chemistry and the benthic fauna. If there is a statistically significant difference in 
the benthic fauna and sediment chemistry,, then it needs to be determined if there is a 
significant association between the sediment chemistry and the benthic fauna and if this 
association indicates an effect on the benthic fauna community. 

No statistical analysis was performed on the benthic fauna from the erosional stations. 

4.5.3 Toxicity Testing 

Three replicate toxicity tests were performed for each of the sediment samples collected in 
the creek and the reservoir. Additionally, there were four laboratory control toxicity tests 
of six replicates each. Several of the toxicity tests were found to contain leaches. Because 
leaches are predatory on the test organisms, samples with leaches were not used in the 
statistical analysis. Additionally, the statistical analysis of the growth used only those 
samples with surviving test organisms. Table 4-1 provides a summary of samples used for 
toxicity statistical analysis. There were no leaches detected in any of the Alexander 
Reservoir sediment samples, therefore, all of the data was acceptable and used in the 
toxicity statistical analysis. Additionally, the toxicity tests were repeated for two samples, 
those results are included in the analysis. 

Comparisons of percent mortality and growth between stations (creek) and groups 
(reservoir) were made using an unbalanced nested ANOVA (Milliken and Johnson 1984). 
Significant differences were tested using the Tukey-Kramer multiple comparison test so 
that all pairwise comparisons are evaluated. The rank transformation of the data were 
used in the statistical analyses for creek samples due to the heterogeneity of variance. 
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4.5.4 Relationship Between Sediment Chemistry and Benthic Community 

It there are significant differences between sites (creek stations or lake groups) for both the 
sediment chemistry and benthic community, then it needs to be determined if there is a 
significant relationship between the sediment chemistry and benthic community. 
Canonical Correlation Analysis (CCA) is used to determine if there is a significant 
relationship. 

When there is one chemical and one benthic organism, a simple correlation is used to 
measure the degree of relationship between them. When there are several chemicals of 
interest, and only one benthic organism, a multiple correlation is used to measure the 
degree of relationship between them. The multiple correlation describes the relationship 
between the benthic organism and a linear combination of the chemicals which is 
calculated using multiple regression. The linear combination is calculated such that it has 
the largest possible multiple correlation, as compared to all other linear combinations of the 
chemicals. When analyzing the results of the multiple regression, the chemicals that make 
a significant contribution to this linear combination are determined. Those chemicals that 
do not contribute significantly to the linear combination are either those that are not 
related to the abundance of the benthic organism, or those that are highly correlated with 
another chemical and thus do not contribute any additional information. 

When there are several benthic organisms and several chemicals, then the multivariate 
extension of multiple regression, CCA, is used to determine the significance of their 
relationship. CCA calculates a linear combination of the benthic organisms and a linear 
combination of the chemicals. These linear combinations are called canonical covariates, 
the coefficients in the linear combination are called canonical coefficients. The linear 
combinations are determined so that the correlation between the two linear combinations 
is as large as possible. This correlation is called the canonical correlation. A statistical test 
can be performed to determine if the canonical correlation is significantly greater than zero, 
which is equivalent to testing if there is a significant relationship between the benthic 
community and the sediment chemistry. Those chemicals and benthic organisms that 
contribute significantly to their respective canonical covariate can also be determined. As 
with multiple regression, those chemicals or benthic organisms that do not contribute 
significantly to the canonical covariates are either truly insignificant or highly correlated 
with other chemicals or benthic organisms, respectively. 

There are more than one set of canonical covariates. Let "s" be the smaller of the number of 
chemicals or the number of benthic organisms being analyzed. Then there are "s" 
uncorrelated sets of canonical covariates that can be calculated. The first set, described 
above, has the highest canonical correlation. The second set has the second highest 
canonical correlation, the third set has the third highest canonical correlation, etc. The 
CCA continues until the canonical correlation of the ith set is not significantly different 
from zero. 

The CCA is performed on standardized variables. That is, the mean and standard 
deviation for each chemical and benthic organism is calculated. Then the mean is 

Golder Associates 



November 27. 1995 13 913-1101.0603 

subtracted from the values and the result is divided bv the standard deviation, tor each 
chemical and benthic organism. The standardized variables are used in CCA to allow tor 
the direct interpretation of the canonical covariates. The larger the absolute magnitude of 
the canonical coefficient, the larger the contribution that variable makes to the relationship. 

In interpreting the meaning of a simple, multiple or canonical correlation, often the 
squared correlation (also called the coefficient of determination) is used. The squared 
correlation is the proportion of the variance of the benthic organism (or linear combination 
of benthic organism in CCA) that is explained by the regression on the chemical or linear 
combination of chemicals. 

The CCA provides a statistical relationship between the benthic community and sediment 
chemistry. This relationship is then carefully examined to determine how it relates to the 
physical and ecological system being investigated. This examination includes determining 
if the relationship is due only to unusual conditions at a small subset of sites or is a 
relationship which holds across the entire system being investigated. 

The statistical package SAS/STAT was used to perform the calculations for the CCA. The 
user's guide for this package (SAS, 1991) and multivariate textbooks such as Harris (1975) 
describe the equations used in CCA and the interpretation of the results. 
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5. INVESTIGATION RESULTS 

5.1 Sediment and Surface Water Characterization 

Soda Creek and Alexander Reservoir sediment data and data validation reports are 
provided in Attachment II. 

The physical characteristics of collected sediments are summarized in Table 5-1. Sediment 
organic carbon ranged from 2.4% to 9.1% (mean = 5.1%) in Soda Creek and 3.3% to 7.3% 
(mean = 5.5%) for reference samples. Sediment organic carbon ranged from 1.7% to 9% 
(mean = 4.6%) in Alexander Reservoir and 1.9% to 3.7% (mean = 2.7%) for reference 
samples. Sediment test samples and reference samples from the creek and the reservoir 
were predominantly sandy-silt-sized particles. The pH ranged from 6.4 to 7.3 (mean = 6.9) 
in creek sediment samples and 6.8 to 7.26 (mean = 7.0) for reference samples. The pH 
ranged from 7.0 to 7.4 (mean = 7.2) in reservoir sediment samples and 7.2 to 7.6 (mean = 
7.4) for reference samples. 

Concentrations of total metals in whole-sediment samples from Soda Creek and Alexander 
Reservoir are summarized in Tables 5-2 and 5-3, respectively. Station SC-3 in Soda Creek 
had the highest concentrations of molybdenum, nickel, and selenium; station SC-5 had the 
highest concentrations of cadmium, copper, and vanadium; and station SC-6 had highest 
concentrations of arsenic and silver. The maximum mean metal concentrations in Soda 
Creek sediment samples exceeded maximum mean concentrations in the reference 
sediment samples. In Alexander Reservoir, station ARS-8 had the highest concentrations of 
arsenic, copper, silver, and vanadium; and station ARS-9 had the highest concentration of 
cadmium. Maximum concentrations of nickel and selenium were found at both ARS-8 and 
ARS-9. Molybdenum was not detected in samples collected in Alexander Reservoir. 
Maximum metal concentrations in Alexander Reservoir test sediments exceeded maximum 
concentrations in reference sediments. 

Metal concentrations in Soda Creek sediments do not exhibit a monotonic (unvarying) 
increase or decrease in a downstream direction. The whole-sediment metal concentrations 
for arsenic, cadmium, copper, nickel, selenium, and vanadium are plotted versus distance 
downstream of the diversion dam in Figures 5-1 to 5-6, respectively. Molybdenum was not 
plotted because molybdenum was not detected in most of the samples (Table 5-2). At site 
SC-2 molybdenum was detected at a low concentration (mean = 3.3 mg/kg dry weight) and 
again at site SC-3 (mean = 8.3 mg/kg dry weight). Silver was not plotted because it was 
undetected in most of the samples taken in the Phase I and Phase II investigations, 
therefore the trend line would not accurately illustrate the concentration gradient. 
These figures were constructed using data collected during this investigation, as well as 
during the Phase I and II RI (Golder 1992 and 1994a). To illustrate the concentration 
gradient, robust locally weighted regression (Cleveland 1979) was used to generate the 
trend line shown on the figures. This trend line was generated using metal concentrations 
from all of the sediment samples collected from all the sites at Soda Creek (eg., SC-1A, SC-
1B, and SC-1C), excluding data from sediments collected in Mormon Springs, Southwest 
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Springs, and Homestead Spring that were collected during the Phase 11 Rl. In addition to 
the trend line, the mean metal concentration in the reference sediments and the upper 
tolerance limit (UTL) are shown for comparison. If the calculated UTL exceeded the 
maximum reference concentration, then the maximum detected reference concentration 
for that analvte was substituted in place of the UTL. This was the case for all of the 
analvtes plotted. 

These concentration trends show there are two zones in the stream where metals show the 
greatest concentration: approximately 2,000 to 5,000 feet and 9,000 to 13,000 feet 
downstream of the diversion dam. Molybdenum, nickel, and selenium show trend 
maximums in the first zone, copper and vanadium show trend maximums in the second 
zone, and arsenic and cadmium show peaks occurring in both zones. 

In contrast to metal concentrations in Soda Creek sediments, metal concentrations in 
sediments collected from the mouth of Soda Creek in Alexander Reservoir do show a 
relatively monotonic decrease with increasing distance from the mouth of Soda Creek. 
Metal concentrations are plotted versus relative distance from the mouth of Soda Creek in 
Figures 5-7 to 5-13. The mean (and the UTL) of the reference samples are also plotted for 
comparison. Except for cadmium, metal concentrations in sediments became less than the 
UTL as distance from Soda Creek increases. 

Metal concentrations in sediment cores collected from Soda Creek and Alexander Reservoir 
are shown in Table 5-4. Bottom conditions in both the stream and the reservoir limited the 
sampling depth to approximately the upper foot of sediment. Difficult coring conditions 
(e.g., limited sediment depth overlying rock or coarse gravels) made it impossible to collect 
all of the sediment cores from Soda Creek identified in the sampling plan. The collected 
cores are sufficient to illustrate general trends in metal concentration with depth along the 
longitudinal profile of Soda Creek. However, there is insufficient data to provide a 
conclusive analysis on constituent depth profiles. In cores collected from Soda Creek, 
metal concentration with depth is relatively constant except for nickel at SCC-3; cadmium, 
copper, and selenium at SC-2; and cadmium, copper, and selenium at SC-5. Except for 
nickel at SCC-3, metal concentrations were higher in the surface sample that at depth. In 
cores collected from the reservoir, concentrations of silver, selenium, and vanadium at 
ARC-6 showed an increase with depth. 

Results of surface water characterization are shown in Table 5-5. Field and laboratory 
conductivity, alkalinity, selenium, sodium, and TDS measured in surface water samples 
from Soda Creek were highest at sample station SC-2. Calcium, hardness, and magnesium 
were highest at sample station SC-3. Temperature and cadmium were highest at samples 
station SC-6. Field and laboratory pH were highest at the control sample station SCC-1 and 
C>2 was highest at the control sample station SCC-3.The influence of Soda Creek on 
measured constituents in Alexander Reservoir is evident in the different chemistry of 
samples from sample station ARS-9 compared to sample station ARS-2. Water collected 
from ARS-2 is similar to samples collected in the reference area (ARC-3 and ARC-6). Water 
collected at sample station ARS-9 is similar in composition to water collected at sample 
station SC-6. 
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Mean concentrations, on a clay-weight basis, are shown in Tables 5-6 and 5-7 tor samples 
from the creek and the reservoir, respectively. For Soda Creek, the MANOVA and each 
ANOVA showed significant differences (p<0.0001) among Soda Creek sample stations for 
all metal constituents. Results of the Tukey-Kramer multiple comparison tests for the 
ANOVA are Figures 5-14 through 5-20 for each chemical constituent. Those mean 
concentrations with non-overlapping error bars show significant differences. For example, 
in Figure 5-14 the mean arsenic concentration (clay-weight basis) is significantly higher at 
station SC-2 as compared to stations SC-1, SCC-1, SCC-2 and SCC-3, but is not significantly 
different from all the other stations. The mean concentration (clay-weight basis) of arsenic, 
copper, nickel, selenium and vanadium in the sediments are significantly elevated at some 
sampling stations in Soda Creek compared to the reference loactions. However, the 
farthest downstream sampling station (SC-7) is not significantly different from one or more 
of the reference sampling stations for these metals. Only cadmium and silver have 
significant differences in the means of the sample station farthest downstream (SC-7) and 
the reference sampling stations. 

For Alexander Reservoir, the MANOVA showed a significant difference (p< 0.0001) in the 
group means when considered simultaneously across all the metal constituents and pH. 
The results of the ANOVA and Dunnett's multiple comparison test for each metal and pH 
are shown in Table 5-8. This table shows there are significant difference between the 
group means for all the metals and pH. The multiple comparison tests for differences 
between the reference group and group 3 (closest to Soda Creek) are significant for all the 
chemical constituents (p < 0.001) and pH (0.01 < p < 0.05).. As seen in Table 5-7, for all the 
metals, the concentrations are decreasing as the distance increases from the mouth of Soda 
Creek 

5.2 Benthic Community 

Tables 5-9 and 5-10 give the mean and standard deviation for each of the benthic 
organisms, total number of invertebrates and number of taxa in Soda Creek and Alexander 
Reservoir, respectively. 

5.2.1 Soda Creek 

5.2.1.1 Benthic Habitat 

Soda Creek was characterised by two major types of invertebrate habitat: deposional 
and erosional. Since Soda Creek has a relatively low gradient, the predominant habitat 
type was depositional, characterised by slow currents, variable aquatic macrophyte 
cover and mostly fine depositional sediments overlain by varying amounts of organic 
material. Erosional areas consisted of riffles with sand/gravel/cobble substratum and 
moderate current velocity and were relatively scarce, which is reflected in the lower 
number of samples from this habitat type. The habitats at each sampling location are 
described in greater detail in the following sections (ordered from upstream to 
downstream). 
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Reference Reach 3 

This reach extended from the headwaters in the Five-Mile Meadows downstream to a 
point of distinct change in stream gradient. The lower boundary of the reach was located at 
the top of the first hydraulic control (riffle) observed to occur downstream of the 
headwaters. The depositional sampling site (SCC-3; Figure 4-1) was located approximately 
20 m upstream of the head of this riffle. There was no erosional sampling site within this 
reach. 

The upper portion of this reach is dry. The portion of the stream in the reach with flowing 
water consisted of fairly uniform habitat. The stream had a very low gradient, consisting of 
a slow and wide channel with no hydraulic controls or riffle habitat. The stream was 
approximately 20 -feet wide and three to four feet deep in the thalweg. Habitat types were 
limited to slow run/pool areas dominated by fines (particles <2 mm) throughout the width 
of the channel. Sediments at the sampling site in this reach (SCC-3) consisted of an 
unconsolidated organic layer over a firm silt/clay layer overlying the gravel streambed. 
Aquatic macrophytes were limited to minor development of submergent cover along the 
channel periphery. 

Reference Reach 2 

This reach extended from the first hydraulic control (Reference Reach 3 lower boundary) 
downstream to the inlet to Soda Reservoir. 

The stream within this reach was approximately 15 to 25 feet wide and greater than four 
feet deep in the thalweg. There was a good volume of flow through this reach with a 
noticeably higher gradient them Reference Reach 3. Habitat consisted of a series of 
run/riffle areas with some backwater habitat The stream is as wide as in Reference Reach 3 
and is much wider than the stream channel downstream of the reservoir. The riffle areas 
consisted of bedrock/boulder/cobble substrates with fairly high velocities. Sediment 
deposition was still significant along the stream periphery, and in backwater and velocity. 
break areas. Aquatic macrophytes (submergent) were well developed in the backwater 
areas and in the slower rim habitats. 

The depositional sampling site (SCC-2) in this reach was located immediately (150 ft) 
upstream of the reservoir inlet (Figure 4-1). The channel at this location was deep and slow 
due to the baclwater effects of the reservoir water, however, there was still a small amount 
of current at the site. The channel was very steep sided and dropped off quickly, with 
almost no macrophyte cover in the minor littoral area. There was heavy deposition of 
organic material and extensive sediment deposition in this area that consisted primarily of 
silt/clay (<0.5 mm). 

The erosional site was located approximately 250 ft upstream of the depositional site, in the 
first riffle area above the reservoir. It was a bedrock/boulder/cobble riffle with a high 
gradient and swift velocity. The sampling site was located in the riffle tail, where the 
substrate was small enough (cobble) to sample with the Surber. 
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Reference Reach 1 

This reach extended from the outlet of Soda Reservoir downstream to the diversion return 
located between Hooper Springs and the Monsanto non-contact cooling water outfall. 

Nearly 100% of the discharge from Soda Reservoir was diverted at the Soda Reservoir 
outlet to a diversion canal for Powerhouse #4. The natural streambed below the reservoir 
contains water from inflow springs, beginning as a slow trickle that increases in volume 
downstream, as the inflows occur. 

Within this reach the stream is approximately three to five feet wide and less than one-foot 
deep. There was a very low volume of flow in this reach and the natural channel was 
much smaller and narrower than the reaches upstream of the reservoir. Throughout the 
reach, most of the stream width had a heavy macrophyte cover. This cover consisted 
primarily of floating-leaved aquatic plants that were rooted in the stream bank, but cover 
most of the stream channel. There was heavy sediment deposition in all low velocity areas, 
including the entire stream width peripheral to the thalweg channel. Most of the flow 
velocity is in the stream thalweg, creating a narrow central channel with lesser sediment 
deposition and some exposed gravels. 

The two sampling sites were located upstream of Hooper Springs, in a section of the stream 
which was typical of the reach. The depositional sampling site SCC-1 was located 
upstream of the Hooper Springs inflow in a small backwater area located near Hooper 
Springs Park. The erosional site was immediately upstream of the depositional site and was 
situated in the stream thalweg, that was free of macrophytes. 

Sample Reach 1 

This reach extended from the Monsanto outfall downstream to a tributary inflow (Mormon 
Springs). The upper reach boundary also corresponds to the headworks of the diversion #2 
which diverts the entire flow of Soda Creek to a second irrigation/powerhouse canal. 

The stream within this reach has a width of two to four-feet and a depth of less than one-
foot. This reach has a very low flow volume with water in the natural channel coming 
from groundwater inflows. Sample Reach 1 had numerous meanders and one inflow 
channel located upstream of Mormon Spring. The stream channel was narrow and almost 
completely covered by floating-leaved aquatic macrophytes. There was considerable 
deposition of fines throughout the channel. Some sections of the channel thalweg with 
slightly higher flow velocities consisted of a narrow strip of gravel/sand surrounded to the 
periphery with fines and macrophytes. 

The depositional sampling site (SC-1) was located immediately upstream of the Mormon 
Spring inflow channel in an area of sediment deposition that was free of macrophytes. The 
erosional sampling site was located in the stream thalweg immediately upstream. The 
sediments at the depositional sampling site were sandy. 
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Sample Reach 2 

This reach extended from the Mormon Springs inflow channel downstream approximately 
1,000 feet. 

The habitat within Sample Reach 2 was the same as that in Sample Reach 1. Both sections 
were fairlv short segments of meandering stream, separated by the inflow of Mormon 
Springs. 

The depositional sampling site (SCC-2) was located upstream and around the first meander 
bend from the lower reach boundary. It was situated in an area of heavy sediment 
deposition that did not have significant macrophyte cover. The erosional site is located 
immediately upstream, in the channel thalweg. As in Sample Reach 1, the sediments were 
sand-sized particles. 

Sample Reach 3 

This reach extended from the bottom of Sample Reach 2 (Reach 2) downstream to the Soda 
Springs Town limits. 

This reach had a very low flow volume with habitat similar to Sample Reaches 1 and 2. The 
stream channel was noticeably less meandering with a lesser amount of sediment 
deposition than in Sample Reaches 1 and 2. The stream was almost completely covered by 
emergent and submergent (floating-leaved) plants that were rooted along the sides of the 
thalweg. The fines were more to the periphery of the thalweg than in Sample Reaches 1 
and 2. There was a noticeable thalweg channel with gravel/cobble substrate and occasional 
small boulders, that occurred over a broader area than in Sample Reaches 1 and 2. As in 
Sample Reaches 1 and 2, there was no riffle habitat or any areas deep enough to comprise 
pool habitat 

The depositional sampling site is located just upstream of the lower reach boundary. There 
are no good areas of sediment deposition which are also without macrophyte cover. The 
sampling site is in very shallow water with cover from short, grass-like macrophytes. The 
erosional site is located immediately upstream in the thalweg channel. 

Sample Reach 4 

This reach extended from a point beginning 300 ft downstream of the Reach 3 lower 
boundary to the Powerhouse #5 diversion return. The short section (approximately 300 ft) 
omitted from the reach designation process consisted of a long, straight bedrock run with a 
higher gradient than either Sample Reach 3 or 4. It was both brief and considered atypical. 

There was very low flow volume and habitat in this reach similar to Sample Reach 3 with a 
somewhat wider thalweg channel. There were no portions that could be classified as true 
riffle habitat. Deposition of fines occurs to the periphery of the thalweg channel. The 
gradient in Sample Reach 4 was slightly higher than in Sample Reach 3. 
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The depositional sampling site (5C-4) was located immediately upstream ot the lower reach 
boundary in a wider, deeper pool section. The erosional site was located immediately 
upstream in the thalweg channel. 

Sample Reach 5 

This reach extended from the Powerhouse #5 discharge downstream to the head works of 
Soda Canal. 

This was the first reach downstream of Soda Reservoir to carry the full discharge of the 
creek system. It is the reach with the highest flow volume, and the channel is full in places 
to the top of the banks. Habitat types included long sections of deep rim habitat 
interrupted by regular riffle areas with some backwater habitat. 

The channel is wider and better defined than Sample Reaches 1 to 4 due to the high flow 
rate. This stream was approximately five- to ten-feet wide with a depth of three- to five-
feet in the thalweg. Despite the higher discharge there was still considerable deposition of 
fines along the periphery of the stream thalweg and an extensive macrophyte cover along 
the stream periphery that occasionally extended the width of the stream. The aquatic 
macrophytes present in this reach are primarily submergents, with few of the emergents 
and floating-leaved plants that were observed in Sample Reaches 1 to 4. The thalweg 
channel for the most part was free of macrophytes and consisted of a mixture of 
gravels/fines for substrate. Riffle-like hydraulic control sections occur regularly which are 
dominated by boulders together with submergent macrophytes. 

The depositional sampling site (SCC-5) was situated in a shallow area between the bank 
and a small vegetation island, located well upstream of the lower reach boundary. This 
area was selected because of the lesser development of macrophyte cover. The erosional 
sampling site was located immediately downstream of a bridge crossing in a small gravel 
patch at the periphery of a riffle area. 

Sample Reach 6 

This reach extended from the Soda Canal diversion downstream to the upstream side of 
the railway crossing culvert (Figure 4-1). 

At the time of sampling a small (approximately 10%) portion of the Soda Creek flow was 
being diverted into Soda Canal. Therefore, Sample Reach 6, like Sample Reach 5, had a 
high flow rate, although not bankfull. This reach had a moderately high gradient and swift 
flow velocity similar to Sample Reach 5. 

The habitat in Sample Reach 6 is similar to Sample Reach 5, with deep/fast run habitat and 
regular riffle areas and backwater habitat. There was heavy deposition of fines along the 
periphery of the thalweg with extensive development of submerged macrophytes along 
the periphery and, in places, throughout the stream width. Riffle areas were dominated by 
boulders with complete coverage by macrophytes. 
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The depositional sampling site (SC-6) was located upstream and around a bend from the 
lower reach boundary in a small backwater pocket. The backwater area was largely 
macrophyte free and shallow enough to sample. The erosional site was difficult to locate 
due to the depth and velocity of the thalweg channel. It was located well upstream (—650 
ft) of the deposition site in the thalweg channel at a spot that was shallow enough to 
sample. 

Sample Reach 7 

This reach extended from the railway crossing culvert (Figure 4-1) downstream to the creek 
mouth (confluence with Alexander Reservoir). 

This reach had the same flow volume as Sample Reach 6 with similar habitat 
characteristics. It was dominated by deep/swift run areas with regular riffle sections. There 
was no distinct pool habitat, but some areas of backwater habitats were present, 
particularly on meander bends. There was heavy deposition of fines along the thalweg 
periphery and in backwater areas with a well developed cover of submerged macrophytes. 
Riffle areas were dominated by boulders and were completely covered by submergent 
macrophytes. 

The depositional sampling site (SC-7) was located in a backwater pocket on the first bend 
upstream of the creek mouth. The erosional sampling site was located upstream (— 150 ft), 
in the first area in the thalweg channel that was shallow enough to sample. 

5.2.1.2 Data Analysis 

Depositional areas of Soda Creek supported 11,000 to 102,000 invertebrates per square 
meter. A total of 33 taxa were identified from depositional sites. As in the reservoir, 
the benthic fauna was dominated by oligochaete worms and chironomid midge larvae, 
which collectively accounted for 97.3% of mean total invertebrate density. Taxonomic 
richness (number of taxa encountered) at individual sites ranged from means of 4.3 to 
5.7 at the reference sites and from 6 to 10.3 at the sample sites. 

The MANOVA showed significant differences in the means (of the log10 transformed data) 
of the benthic invertebrates, total invertebrates and taxa between the Soda Creek sample 
stations (p < 0.0001). Since both the sediment chemistry and benthic community show 
significant differences between the Soda Creek sample stations, a canonical correlation 
analysis (CCA) is performed to determine if there is a significant relationship between the 
metal concentrations and benthic fauna. 

The CCA used the log10 transformations of Tubificidae, Tantytarsini, Orthocladiinae, 
Chironomus sp., Tanypodinae, and total invertebrates together with the number of taxa. 
The first set of canonical covariates had a squared canonical correlation of 0.84 (p < 0.0001) 
and the second canonical covariates had a squared correlation of 0.66 (p = 0.0189). The 
other sets of canonical covariates were insignificant. 
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Table 5-11 shows the canonical coefficients tor the hirst two sets of canonical covariates. 
The first set of canonical covariates is dominated by Tubificidae, Total Invertebrates, silver 
and vanadium. As the concentration of silver increases, the number of Tubificidae 
decrease but the total number of invertebrates increase. Conversely, as the concentration 
of vanadium increases, the number of Tubificidae increase but the total number of 
invertebrates decrease. The second set of canonical covariates are dominated by 
Tanvtarsini, number of taxa, cadmium, nickel, and vanadium. As the concentration of 
cadmium and vanadium increases, the number of Tanvtarsini and taxa increase, while as 
the concentration of nickel increases, the number of Tanytarsini and taxa decrease. These 
canonical covariates do not lead to a clear physical or ecological interpretation of the 
relationship. 

To examine the statistical relationships developed by the CCA relative to the Soda Creek 
stations, the canonical covariates are plotted using symbols to distinguish the different 
stations. Figures 5-21 and 5-22 show the plots of the first and second sets of canonical 
covariates, respectively. As seen in Figure 5-21, the first set of canonical covariates 
separates stations SC-6 and SC-7 from the other stations. The remaining stations, both 
sample and reference, are in no distinguishable groupings. As seen in Figure 5-22, the 
second set of canonical covariates separates station SCC-1 from all the other stations, which 
do not show any distinguishable groupings. 

The most striking result of the first set of canonical covariates is the large separation of sites 
SC-6 and SC-7 from the other sites on Soda Creek. Both of these sites get large negative 
metal canonical covariates because of the relatively high concentrations of silver and 
relatively low concentrations of vanadium and copper. However, the large negative 
benthic canonical covariates for these two sites are not based on the same benthic fauna. At 
site SC-6, the large negative benthic covariate is due to relatively small number of. 
Tubifieidae at this site. However, site SC-7 has a large negative benthic covariate due to the 
large total number of invertebrates at that site, which is dominated by Chironomini (two 
orders of magnitude greater than at any other site). Thus, these two sites, with similar 
metal concentrations have very different benthic communities, and both of these benthic 
communities are very different from all the other sites. 

The second set of canonical covariates separates the reference site SCC-1 from all the other 
sites. The large negative metal canonical covariate is due to the relatively high 
concentration of nickel at this reference site and the low concentration of all other metals. 
The large negative benthic canonical covariate is due to the absence of Tanytarsini, the 
relatively small number of taxa and the large number of total invertebrates (almost all of 
which are Tubificidae). 

The CCA has in essence shown that sites SCC-1, SC-6 and SC-7 have different benthic 
communities than the other sites. It has associated these differences with linear 
combinations of the metal concentrations at those sites which will also distinguish them 
from the other sites. However, these differences can also be due to changes in habitat that 
are unrelated to the metal concentrations and the association with the metal canonical 
covariate is an artifact of the CCA. 
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To determine it the relationship between metal concentrations and benthic fauna is due 
solely to these three unusual sites, the statistical analysis was performed again with these 
three sites removed. The MANOVA results again showed that there was significant 
differences in the metal concentrations (p<0.0001) and benthic fauna (p=0.0127) between 
the remaining stations. However, the CCA shows no significant relationship between the 
benthic fauna and metal concentrations because the significance level of the first set of 
canonical covariates is p=0.2627. 

Therefore, while there are significant differences in the benthic fauna and metal 
concentrations at sample stations, the CCA shows that there is no association between 
benthic fauna and metal concentrations. The significance shown in the CCA using all the 
sample stations is due to the unusual benthic communities at SC-6, SC-7 and SCC-1, which 
are unrelated to the metal concentrations. 

Erosional sites (Table 5-12) were characterised by slightly more diverse but less 
abundant invertebrate communities. Total taxa at these sites amounted to 22 with 9 
and 12 taxa at two the reference sites and 7 to 13 taxa at the sample sites. Total 
invertebrate density was 17,800 and 19,400 and similar at the reference sites, but varied 
greatly at the sample sites (2,800 to 38,800). The benthic fauna of erosional sites was 
also dominated by oligochaete worms and chironomids that accounted for 
approximately 82% of total invertebrates, but also included mayfly nymphs, caddisfly 
larvae, leeches, amphipods and other taxa at lower densities. Densities of each taxon 
varied greatly among sites and as a consequence, consistent differences between the 
control and sample sites were absent. 

5.2.2 Alexander Reservoir 

The benthic invertebrate sampling sites were located in the two eastern arms of the: 
reservoir (Figure 4-1). Sites were characterised by 1.5 to 5 feet depth and soft mud 
substratum. Aquatic plants were absent from the areas sampled. All reservoir sites 
were located in comparable habitats. 

The bottom fauna of Alexander Reservoir was dominated by oligochaete worms (mostly 
Tubificidae) and chironomid midge larvae (especially Chironomus), which collectively 
accounted for means of 98.3 and 99% of total invertebrates at the control sites and below 
Soda Creek, respectively. Total invertebrate density ranged from 1,600 to 8,300 individuals 
per square meter at the control sites, compared with 3,800 to 27,800 individuals per square 
meter in the reservoir arm below the inflow from Soda Creek. Taxonomic richness (total 
number of taxa) in the control sites and sample sites had mean values of 7.9 and 9.3, 
respectively. 

The MANOVA was insignificant (p=0.5115), thus the null hypothesis of equality of means 
(of the logio transformed data) of the groups is not rejected. There is no statistical evidence 
of a difference in the benthic fauna across all the groups. It should be noted, that the 
MANOVA was actually run on several different transformations of the data and included 
all the benthic invertebrates, in all cases the MANOVA showed no significant differences. 
Additionally, the univariate ANOVAs also showed no statistical evidence of a difference in 
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the benthic fauna across all the groups. Therefore, the sediment chemistry in Alexander 
Reservoir is not associated with any changes in the benthic fauna. 

5.3 Toxicity Testing 

The sediment toxicity test data for each sample taken at each site is provided in Attachment 
1 and Table 4-1 provides a summarv of samples used for toxicity statistical analysis and 
those not used due to the presence of leaches. Table 5-13 shows the mean and standard 
deviation for the percent mortality and dry weight (mg/organism) for each sample station 
or group in the creek and the reservoir. The dry weight result was derived from those 
organisms that were alive at the end of the ten days. 

For sediment samples collected in Soda Creek the nested ANOVA showed no significant 
difference (p=0..2928) between the mean percent mortality of the locations (which includes 
the laboratory controls). However, the nested ANOVA showed a significant difference 
(p=0.0009) between the mean dry weight per organism at the locations. The multiple 
comparison test showed the primary significant difference is the dry weight of the 
laboratory controls which is significantly smaller than the dry weights at at the reference 
stations SCC-3 (p< 0.001), SCC-2 (0.01 <p <0.05) and SSC-1 (0.001 <p <.01), and test 
station SC-6 <p <0.001). Additionally, test stations SC-2 (0.01 <p <0.05) and SC-4 (0.01 <p 
<0.05) had significantly lower growth than reference site SCC-3). 

To determine if there was a significant association between the sediment chemistry and 
growth in Soda Creek, a multiple regression was performed. The growth was corrected for 
tire differences in the laboratory controls. The multiple regression was insignificant 
(p>0.05), which indicates the differences in growth are not associated with sediment 
chemistry. 

For sediment samples collected in Alexander Reservoir the nested ANOVA showed a 
significant difference (p=0.1465) between the mean percent mortality of the locations. 
However, the nested ANOVA showed a significant difference (p<0.0001) between the 
mean dry weight per organism of the locations. Table 5-14 shows the significant pairwise 
differences in mean dry weights from Tukey's multiple comparison tests. As seen in Table 
5-13, Groups 2 (ARS-4,5, and 6) and 3 (ARS-7,8, and 9) have a significantly lower dry 
weight than the reference samples. 

The multiple regression of the sediment chemistry on the growth for Alexander Reservoir 
was highly significant (p <0.001). However, the chemical concentrations in Alexander 
Reservoir sediments are not as high as those in the Soda Creek sediments. This indicates 
that the lack of growth (i.e. lower dry weight) may be due to lack of suitable food, rather 
than metal toxicity. 

Golder Associates 



November 27. 1995 25 913-1101.0603 

6. DISCUSSION 

To evaluate sediment quality in Soda Creek and Alexander Reservoir an effects-based 
approach has been adopted, rather than relv on surrogate sediment quality guidelines (e.g., 
Ecology 1991). The effects-based approach for this studv will incorporate the measures of 
sediment chemistry, sediment toxicity, and benthic community structure, also known as 
the sediment quality triad (Triad) approach (Chapman 1992). The Triad approach is 
intended to allow for (1) interaction between constituents in complex sediment mixtures 
(e.g., additivity, antagonism, synergism), (2) potential actions of unidentified chemicals, 
and (3) effects of environmental variables that may influence biological responses (e.g., 
toxicant concentrations and bioavailabity) (Chapman 1992). The three components of the 
Triad approach provide complementary data for a site-specific ecological assessment of 
endpoints that are relevant to the evaluated ecological resources (Soda Creek and 
Alexander Reservoir. In this study, the Triad data have been evaluated using analysis of 
variance, and canonical correlation analysis to determine if there are any consistent and 
significant relationships among the data. 

Sediment quality guidelines depend on chemical measures and anticipated effects to 
ecological resources. The chemical measures incorporated into sediment quality guidelines 
do not adequately integrate the site-specific effects that sediment conditions (e.g., grain 
size, organic content, pH, oxidation-reduction state, chemical form, etc.) have on toxicity. 
In addition, the ecological effects evaluated using sediment quality guidelines are 
unknown and may be inappropriate for the evaluated system. Consequently, sediment 
quality guidelines developed for other localities are not appropriate for this assessment of 
Soda Creek and Alexander Reservoir. 

6.1 Soda Creek 

The mean concentration (day-weight basis) of arsenic, copper, nickel, selenium, and 
vanadium are significantly elevated at some downstream sample stations in Soda Creek 
compared to the reference sample stations. However, for these metals the farthest 
downstream sample station for Soda Creek (SC-7) is not significantly different from one or 
more of the reference stations. Only cadmium and silver have significantly different mean 
concentrations at all sampling stations relative to the reference stations. Silver is not 
detected in either the Monsanto non-contact cooling water or groundwater from Mormon 
Springs 

Spatial trends in concentration show two prindpal areas where these metals are 
accumulating relative to reference samples: (1) 2,000 to 5,000 feet and (2) 9,000 to 13,000 
feet downstream of the diversion dam on Soda Creek. Non-contact cooling water is not a 
likely source for elevated metal concentrations in sediments found in either zone of 
accumulation. Non-contact cooling water from Monsanto does not actually enter Soda 
Creek until passing through the powerhouses located approximately 5,000 to 6,000 feet 
downstream of the diversion dam on Soda Creek The spatial distributions of metal 
concentrations do not show peaks that would be associated with the powerhouse return 
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flow. Metal accumulations in the first area are probably related to groundwater discharges 
from Calf/Mormon Springs, which enters Soda Creek approximately 1,500 feet downstream 
of the diversion dam on Soda Creek. The source of metals for the second area of 
accumulation is unknown, but may be related to other sources of discharge within the City 
of Soda Springs not related to the Monsanto facility. No additional outfalls were identified 
during these field studies. 

The numbers of organisms found in Soda Creek sediments ranged from 11,000 to 102,000 
invertebrates per square meter. The benthic fauna at all stations (sample or reference) was 
dominated by oligochaetes and chironomids. The taxonomic richness was slightly higher 
at sample sites relative to the reference sites. The dominance of the benthic community by 
oligochaetes and chironomids is characteristic of depositional habitats with a potential for 
oxygen depletion in the sediment (Wiederholm 1984) and are indicative of low quality 
aquatic habitat that receive high loadings of organic material or nutrients. 

MANOVA showed there were significant differences in the means of (1) different benthic 
invertebrates, (2) total numbers of invertebrates, and (3) number of taxa at the stations. 
Canonical correlation analysis showed that there were significant differences in the benthic 
fauna at three sites: SCC-1, SC-6 and SC-7. The association of the significant differences in 
benthic fauna with metal concentrations in the sediments appear to be artifacts of the CCA. 
When the statistical analyses is reported with these three sites removed, there is no 
significant association between benthic fauna and metal cocnentrations. Since these seven 
remaining sites include two of the reference stations and the sample stations with the 
highest metal concentrations, there is no significant adverse effect of metal concentrations 
on the benthic community. 

Toxicity testing showed there was no significant difference in percent mortality between / 
reference and sample stations. The only significant difference found for organism growth 
was between two sample stations (SC-2 and SC-4) and one reference station (SCC-3). There 
was not a significant association between the sediment chemistry and growth. 

For Soda Creek, it has been shown that there are elevated levels of metals in sediments, but 
there has been no meaningful alteration of the benthic community structure that can be 
attributed to the presence of those elevated concentrations. In addition, the sediments do 
not exhibit toxicity to the types of organisms naturally-occurring in the sediments. Based 
on the Triad approach, the preponderance of evidence shows there has not been a 
significant impact to the benthic community structure. 

6.2 Alexander Reservoir 

The highest concentrations of metals are found in the group of sample stations located 
closest to the mouth of Soda Creek. Spatial trends indicate decreasing concentrations with 
increasing distance from Soda Creek. The metal concentrations in sample stations at the 
mouth of Soda Creek are significantly higher than metal concentrations in the reference 
samples. Thus, there are elevated metal concentrations in Alexander Reservoir that can be 
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attributed to Soda Creek. However, the metal loading from Soda Creek is rapidlv 
attenuated in the reservoir, because of the low sediment load from Soda Creek. 

As in Soda Creek, the benthic fauna at both the reference stations and sample stations in 
Alexander Reservoir are dominated bv oligochaetes and chironomids, again indicating a 
low qualitv depositional aquatic habitat subject to oxygen depletion and high loadings of 
nutrients and organic material. This would not be unexpected since sediment samples 
were collected from depths less than 5 feet below the water surface. These sites could be 
exposed during reservoir drawdowns, which would result in stress to the organisms. 
Therefore, only stress-tolerant organisms would be expected to inhabit these locations. 
There was no statistically significant difference between benthic community structure 
between any sample group and the reference group, indicating that elevated metal 
concentrations have not altered the community structure. 

Toxicity testing showed no significant differences in percent mortality between the 
reference group and the sample stations. There was, however, a significant difference in 
growth between the reference group and the two groups of samples stations that were 
located closest to the mouth of Soda Creek. 

For Alexander Reservoir, there are elevated concentrations of metals in sediments collected 
near the mouth of Soda Creek. The presence of these metals has not resulted in an 
alteration of the benthic community structure. Toxicity testing shows that there is stress 
(i.e., lower growth) but not acute mortality resulting from exposure to toxic chemicals. It is 
difficult to attribute the observed toxic response to the presence of metals in the sediments 
because the response did not occur in the sediments with the highest metal concentrations, 
in Soda Creek. 
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7. SUMMARY AND CONCLUSIONS 

Analysis of the Soda Creek sediment samples show the following: 

• The benthos in both the reference and sample areas of Soda Creek are dominated 
bv species that are indicative of a "low quality" stream system. Therefore, 
alterations to the benthic community structure are not considered a significant 
ecological impact. 

• There is no significant difference in the percent mortality in toxicity tests of the test 
sediment samples as compared to the reference sediment samples. The dry weight 
of the organisms at the end of the toxicity tests were significantly lower for two test 
stations (SC-02 and SC-04) as compared to the reference station SCC-3. 
However,there was no significant association between growth and chemical 
concentrations. 

• The benthic communities at the two sample stations farthest downstream of the 
diversion dam (SC-06 and SC-07) and at the reference station immediately upstream 
of the diversion dam SCC-01 have a different structure from the other stations. 
These differences appear to be due to local hydrologic phenomena rather than 
differences in metal concentrations. When these sites are removed from the 
analysis, the remaining seven sites (including two reference sites and the sample 
sites with the highest metal concentrations) do not show a significant change in 
benthic communities associated with the elevated metal concentrations 
downstream of the diversion dam on Soda Creek. 

• The presence of molybdenum in sediments at sites SC-2 and SC-3 may be 
attributable to the presence of molybdenum in groundwater (Mormon Springs) 
which discharges into Soda Creek 

• The mean concentration of arsenic, copper, nickel, selenium and vanadium in the 
sediments are elevated at some of the sample stations, however, the sample 
stations farthest downstream are not significantly different from one or more of the 
reference sampling stations (background). Copper has not been detected in 
Mormon Springs (two samples) and is not a constituent of interest in ground water 
at the site. Copper has also not been detected in the non-contact cooling water 
samples. In addition, neither arsenic nor nickel have been detected in the non-
contact cooling water and were either not detected or detected at very low 
concentrations in the groundwater (Mormon Springs). Only cadmium has a 
significant difference in the means of the test station farthest downstream (SC-7) 
and the reference stations of the constituents detected in the Monsanto non-contact 
cooling water outfall or discharge from Mormon Springs. 

• Other sources within the City of Soda Springs may be responsible for metal 
accumulation at some sample locations in Soda Creek 
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• The benthos in both the reference and sample areas of Alexander Reservoir are 
dominated bv species that are indicative of a "low quality" system. Therefore, 
alterations to the benthic community structure are not considered a significant 
ecological impact. 

® A.significant increase in the concentration of arsenic, cadmium, copper, nickel, 
selenium, silver and vanadium in sediment samples from the area of the reservoir 
affected by Soda Creek as compared to the reference area. Of these, only arsenic, 
cadmium, nickel, selenium, and vanadium were detected in either the non-contact 
cooling water or groundwater discharge from Mormon Springs. The significance of 
this increase is greatest closest to the mouth of Soda Creek and decreases with 
distance from the mouth of Soda Creek, with copper and pH not being significantly 
different from the control area at the group farthest from Soda Creek. 

• There is no significant difference in the benthic community in the sediment samples 
from the area of the reservoir affected by Soda Creek as compared to the control 
area. 

• There is no significant difference in the percent mortality in toxicity tests of the 
sediment samples from the area of the reservoir affected by Soda Creek as 
compared to the reference area. 

The results of using the Triad approach show that the presence of elevated metal 
concentrations in sediments from Soda Creek and Alexander Reservoir have not 
significantly altered the benthic community structure of either system. In addition, there is 
no evidence of toxicity in Soda Creek sediments. Sediments from Alexander Reservoir do 
show evidence of toxicity, however, data suggest that it is not related to metal 
concentration. Based on these results, no adverse ecological effects have occurred as a 
consequence of the discharge of non-contact cooling water and natural groundwater 
discharge containing metals to Soda Creek. Based on this conclusion, there is no need for 
further sampling of Soda Creek or Alexander Reservoir for the Monsanto RI. 
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TABLE 3-1 

SURFACE WATER QUALITY DATA 

SAMPLE LOCATION 

SAMPLE DATE 

EFFLUENT A 
(mg/L) 
KV2.V91 

QUAL EFFLUENT B 

(mg/L) 
1CV2V91 

QUAL EFFLUENT C 

(mg/L) 
10*25/91 

QUAL UP NEAR 
(mg/L) 

10*25*91 

QUAL UP MIDDLE 
(mg/L) 

10*25*91 

QUAL UP FAR 

(mg/L) 
10*25*91 

QUAL DOWN A 

(mg/I.) 
10/25/91 

QUAL DOWN H 

(mjyl ) 
102.591 

(JLAI I X U V N  C  

(mg/I.) 

HV2.5/91 

( J  L A I .  

Aluminum 0.08 U 0.07 U 0.1 0.09 0.11 0.07 U 0.09 0.11 O i l  

Ammonium -Nitrogen 0.1 U 0.1 U 0.1 U 0.13 U 0.37 U 0.1 U 0.12 U 0.12 U 043 1 

Arsenic 0.002 U 0.002 U 0.002 U 0.002 U 0.002 U 0.002 U 0.002 U 0.002 i: 0.002 I 

Beryllium 0.001 U 0.001 U 0.001 U 0.001 u 0.001 U 0.001 U 0.001 u 0.001 u 0.0)1 I 

Cadmium 0.01 0.009 0.011 0.005 u 0.005 U 0.005 U 0.005 u 0.005 Ll 0.005 U 

Calcium 130 138 128 84.6 79.8 77.6 88.4 837 86.2 

Chloride 159 149 153 15 15 13 29 30 25 

Chromium 0.01 U 0.01 U 0.01 U 0.01 u 0.01 U 0.01 U 0.01 u 0.01 U 0.01 

Copper 0.007 U 0.008 U 0.008 u 0.005 u 0.005 U 0.005 U 0.005 u 0.00:3 U 0.005 [ 

Fluoride 0.43 0.42 0.4 0.31 0.31 0.31 0.31 0.34 0.34 

Iron 0.051 U 0.046 u 0.04 u 0.93 0.47 U 0.43 u 0.54 u 0.51 L 0.59 i: 

Lab pi f 8 J 8 J 8 J 6.8 J 7.1 J 7.1 J 7.1 J 7 J 7 I 
Lead 0.001 UJ 0.001 uj 0.001 uj 0.001 UJ 0.001 UJ 0.001 UJ 0.001 UJ 0.001 11 0.002 C] 

Magnesium 61.4 65 60.3 84.1 78.4 75.5 76.5 75 787 

Manganese 0.005 u 0.005 u 0.005 u 0.083 0.062 0.058 0.06 0.063 0.063 

Nickel 0.02 u 0.02 u 0.02 u 0.02 u 0.02 u 0.02 u 0.02 u 0.02 u 0.02 V 

Nitrate-Nitrogen 4.7 4.8 4.55 0.65 0.74 0.73 1.16 I I I  1.14 

Ortho-Phosphate 1.06 1.06 1.08 0.13 u 0.13 u 0.1 u 0.21 u 0.24 L; 0.22 I 

Potassium 7.3 7.8 7.3 10.4 9.9 9.3 9.3 9.6 10 

Selenium .03* .02* .02* 

Silver 0.01 U 0.01 u 0.01 u 0.01 u 0.01 u 0.01 u 0.01 u 0.01 u 0.01 C 

Sodium 105 113 104 22 21.2 20.7 31.2 29 9 31.1 

Sulfate 96 96 % 36 30 36 42 12 •12 

Vanadium 0.12 u 0.12 u 0.21 0.01 u 0.01 u 0.01 u 0.03 u 0.03 u 0.03 i: 

Zinc 0.025 u 0.037 u 0.031 u 0.014 u 0.01 u 0.009 u 0.012 u 0.015 L 0.008 V 

"SAMPLE DATE IS 
6/9/93 

NOTE: See Figure 3-1 for Sample Locations 
Values presented are dissolved concentrations. 



TABLE 3-2 

WATER QUALITY OF MORMON SPRINGS 

Constituent Units Oct-91 May-92 Nov-92 May-93 Oct-93 Apr-94 Nov-94 Mean Standard Deviation 

Aluminum mg/L 005 0.065 : - 0,0565 - 0 0228 0 0245 0.0949 001 0.046 0.0294 

Ammonia (as N) mg/L 005 0625 qw5 0.015 0.015 0.023 0.023 0.0128 

Arsenic mg/L 0.002 0.002 00605 00009 0.002 0025 0.0048 0.00894 

Beryllium mg/L 0.001 U 0.005 U 0.0008 U NM NM NM NM <0.005 

Cadmium mg/L 0.018 0.01 0.0148 0.0153 0.0127 0.0161 0.0021 0.013 0.003.33 

Calcium mg/L 116 121 111 NM NM NM NM 116 5.00 

Chloride mg/L 113 143 120 143 178 142 130 138 21.1 
Chromium mg/L 0.01 U 0.01 U NM NM NM NM NM <0.01 

Copper mg/L 0.005 U 0.013 U NM NM NM NM NM <0.013 

Fluoride mg/L 2.2 2.96 2.2 3.6 3.6 3.78 2.9 3.0 0.660 

iron mg/L 00125 0032? m? 0053 0.123 00175 00025 0.033 0.0432 

Lead mg/L 0.001 u 0.005 U NM NM NM NM NM <0.005 

Magnesium mg/L 73 67 67.2 NM NM NM NM 69 3.41 
Manganese mg/L mmsmm 0flu2> 0.0012 0.0118 0.0123 00015 00005 0.0046 0.00513 

Molybdenum mg/L NM ocb 0.0514 0.0763 0.0806 0.0923 0.067 0.070 0.0168 

Nickel mg/L 0.02 0.0144 0013 0.0108 0.0227 0.02 0.017 0.00436 

Nitrate-Nitrite (as N) mg/L 2.8 3.89 2.9 5.76 5.04 6.53 4.4 4.5 1.40 

pH 7.2 7.3 7.26 7.52 7.26 7.08 7.2 7.26 0.135 

Potassium mg/L 14.6 10 10.4 NM NM NM NM 12 2.55 
Selenium mg/L 0.0015 0.17 0.124 0.186 0.1676 0.168 0.14 0.14 0.0631 
Silver mg/L 0.01 U 0.0002 U NM NM NM NM NM <0.01 

Sodium mg/L 70.2 62 69.5 NM NM NM NM 67 4.55 
Sulfate mg/L 114 170 159 268 267 305 190 210 70.1 
Vanadium mg/L UOi 0.01 0.0205 0-01765 0.0258 0.017 0.016 0.00582 

Zinc mg/L 0.151 0.195 0.133 0.208 0.22 0.266 0.175 0.19 0.0447 

NOTE: Shaded values indicate constituent not detected, value shown is one-half the detection limit. 
U = Undetected 
NM = Not measured 



TABLE 3-3 

METAL LOADING TO SODA CREEK AT THE MONSANTO OUTFALL AND MORMON SPRINGS 

Site Arsenic Cadmium Copper Molybdenum Nickel Selenium Silver Vanadium 

mg/L kg/day mg/L kg/day mg/L kg/day mg/L kg/day mg*L kg/day mg/L kg/day mg/L kg/day mg/L kg/day 
Outfall* NC NC 0.01 0.110 NC NC NM NC NC 0.023 0.25 NC NC 0.11 1.200 
Mormon 
Springs** 

0.0048 0.0013 0.013 0.0035 NC NC 0.07 0.019 0.017 0.0046 0.14 0.038 NC NC 0.016 0.0044 

* = Assumed flow is 2020 gallons/minute 
* * = Assumed flow is 50 gallons/minute 
NM = Not Measured 
N/C = Not Calculated. Concentration less than detection level. 



• • • 
TABLE 3-5 

CONSTITUENT SUMMARY OF PHASE II SODA CREEK SEDIMENT SAMPLES 

Constituent Units Reference Sediments Downstream Sediments Constituent Units 

Mean Standard 
Deviation 

Maximum 
Detected 

Maximum 
Detected 

Number of 
Exceed a nces 

Arsenic (mg/kg) 6.2 212 8.6 87.8 14 

Cadmium (mg/kg) 10.8 2.55 13.4 61 15 

Copper (mg/kg) 2.50 2.29 5 95.4 18 

Iron (mg/kg) 3,967 4,861 9,580 1,970 0 

Molybdenum (mg/kg) 6.5* 6.5 5 0 

Nickel (mg/kg) 55 5.77 62 153 5 

Potassium (mg/kg) 6,173 4,203 9,400 1,390 0 

Selenium (mg/kg) 0.38 0.15 0.6 347 19 

Silver (mg/kg) <0.10 NM <0.1 1.8 9 

Vanadium (mg/kg) 23 6.51 30 208 16 

Polonium-210 (pCi/g) 0.67 0.21 0.9 3.3 5 

Notes: 
* = Only one sample analyzed 
< = detection limit 



November 27,1995 913-1101.603 

TABLE 3-6 

RESULTS OF PHASE II SODA CREEK SEDIMENT BIOLOGICAL TOXICITY TEST 

Sample Bacteria Enzvme Activitv Algal Growth Reduction Sample 
NOEC (%) % of Control 

Upstream 
Control A 12.5 3 
Control B 25 42 
Control C 25 44 
Mean 21 30 

Downstream 
100 A 25 5 
100 B 12.5 9 
100 C 6.25 2 
Mean 15 5 

2400 A 6.25 10 
2400 B <6.25 15 
2400 C 12.5 20 
Mean 7.3 15 

Notes: 
NOEC = No observed effects concentration 
Algal growth reduction reported at sample strength of 100%. 

Golder Associates 



November 27,1995 
TABLE 4-1 

913-1101.603 

SUMMARY OF TOXICITY DATA USED FROM SODA CREEK SITES FOR 
STATISTICAL ANALYSES 

SITE LABORATORY 

KIT; K'ATl 

.Ylortalitv 

Analysis 

Growth 

Analysis 

SITE LABORATORY 

KM"! IGATi' 

Mortality 

Analysis 

Growtii 

Analysis 

SCC-1A 

A 
seoe 

A X 

SCC-1A B X X seoe B SCC-1A 

e 

seoe 
e 

SCC-Hi 

A X X 

scon 
A » * 

SCC-Hi B X X scon 11 * * SCC-Hi 

C 

scon 
e * * 

SCC-1C 
A X X 

SC-4A 
A X X 

SCC-1C B X X SC-4A B SCC-1C 
C X X 

SC-4A 
c X X 

SCC-1D 
A * 

» 

SC-4B 
A 

SCC-1D B » * SC-4B B X X SCC-1D 
C * * 

SC-4B 
C X X 

SCC-2A 
A X X 

SC-4C 
A X X 

SCC-2A B X X SC-4C B X X SCC-2A 
C X X 

SC-4C 
C 

SCC-2B 
A X X 

SC-5A 
A X X 

SCC-2B B X X SC-5A B X X SCC-2B 
C X X 

SC-5A 
C X X 

SCC-2C 
A X X 

SC-5B 
A » * 

SCC-2C B X X SC-5B B *-SCC-2C 
C X X 

SC-5B 
e * * 

SCC-3A 
A X X 

SC-5B 
A 

SCC-3A B X X SC-5B B X X SCC-3A 
C X X 

SC-5B 
C 

SCC-3B 
A X X 

SC-5C 
A X X 

SCC-3B B X X SC-5C B X X SCC-3B 
C X X 

SC-5C 
C X X 

SCC-3C 
A X X 

SC-6A 
A X X 

SCC-3C B X X SC-6A B X X SCC-3C 
C X X 

SC-6A 
C X 

SC-1A 
A X X 

SC-6A 
A X X 

SC-1A B X X SC-6A B SC-1A 
C X X 

SC-6A 
C X X 

SC-1B 
A X X 

SC-6B 
A X X 

SC-1B B X X SC-6B B SC-1B 
C X X 

SC-6B 
C X X 

SC-1C 
A 

SC-6B 
A X X 

SC-1C B X X SC-6B B X X SC-1C 
C 

SC-6B 
C X X 

SC-2A 
A X X 

SC-6C 
A X X 

SC-2A B X X SC-6C B X X SC-2A 
C X X 

SC-6C 
C X X 

SC-2B 
A 

SC-7A 
A X 

SC-2B B SC-7A B X SC-2B 
C X X 

SC-7A 
C X X 

SC-2C 
A X X 

SC-7A 
A X X 

SC-2C B X X SC-7A B X X SC-2C 
C X X 

SC-7A 
C X X 

SC-3A 
A X X 

SC-7B 
A X X 

SC-3A B X X SC-7B B X X SC-3A 
C 

SC-7B 
C X X 

SC-3B 
A 

SC-7C 
A X X 

SC-3B B X X SC-7C B X X SC-3B 
e X X 

SC-7C 
C X 

* These samples are field duplicates and are 
not used in statistical analysis 

SC-7C 
A X X 

* These samples are field duplicates and are 
not used in statistical analysis 

SC-7C B X X * These samples are field duplicates and are 
not used in statistical analysis 

SC-7C 
e X 
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TABLE 5-1 

PHYSICAL AND CHEMICAL CHARACTERISTICS OF SEDIMENTS FROM SODA 
CREEK AND ALEXANDER RESERVOIR 

Station PH TOC (%) Sand (%) Silt (%) Clay ("/..) 

Soda Creek* 

SCC-3 6.8+ 0.057 7.3 + 2.1 22 + 13 58 + 8.8 20 + 6.9 

SCC-2 6.86+ 0.057 5.8 + 0.86 10 + 10.0 63 + 7.5 27 + 2.5 

SCC-1 7.26 +0.305 3.3 + 0.76 25 + 4.6 51+4.9 24 + 1.7 

SC-1 6.8 + 0.0 6.1+0.98 57 + 3.4 33 + 2.1 9.8 + 1.5 

SC-2 6.4 +0.057 6.0 + 1.5 36 + 7.2 48 + 3.8 16 + 3.7 

SC-3 6.9 +0.15 9.1 + 0.23 13 + 2.5 73 + 6.0 15 + 3.7 

SC-4 6.7 + 0.12 2.4 + 0.50 54 + 10 40 + 9.0 6.0 + 1.3 

SC-5 7.0 +0.10 4.3 + 0.50 13 + 8.6 75 +8.9 12 + 4.3 

SC-6 6.9 + 0.23 3.3 + 0.44 31 + 6.2 52 + 4.7 17+2.4 

SC-7 7.3 + 0 4.6 + 0.35 25 + 3.3 55 + 3.1 20 + 0.26 

Alexander Reservoir 
ARC-1 7.4 2.9 19 56.7 24.3 

ARC-2 7.2 2.2 26.6 49.7 23.7 

ARC-3 7.6 2.3 25.5 58.5 16 

ARC-4 7.2 3.7 38.6 40.7 20.7 

ARC-5 7.4 3.3 67.3 20.1 12.6 

ARC-6 7.4 2.5 36.4 46.4 17.2 

ARC-7 7.6 3.0 13 71.9 15.1 

ARC- 9 7.4 1.9 32.6 52.7 14.7 

ARC-8 7.5 2.5 84.9 8.4 6.7 

ARS-1 7.4 9.0 41.9 44.1 14 

ARS-2 7.2 1.7 47.5 40.8 11.7 

ARS-3 7.4 6.3 64.6 26.4 9 

ARS-4 7.2 2.6 46.4 42.8 10.8 

ARS-5 7.2 4.0 36.1 46.5 17.4 

ARS-6 7.0 4.8 7.5 78.1 14.4 

ARS-7 7.2 4.0 8.8 72.5 18.7 

ARS-8 7.1 4.4 12.9 70.4 16.7 

ARS-9 7.1 5.0 37.2 50.9 11.9 

a sr Mean + standard deviation shown for Soda Creek Sample Stations (n=3) 
TOC = Total organic carbon 
Sand = 0.074 to 2 mm 
Silt 0.002 to 0.074 mm 
Clay = < 0.002 mm 
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TABLE 5-2 

CONCENTRATIONS OF TOTAL METALS IN SODA CREEK SEDIMENT SAMPLES (MG/KG DRY VVT.) 

Site Ag As Cd Cu Mo Ni Se V 
Mean St. Dev. Mean St. Dev. Mean St. Dev. Mean St. Dev. Mean St. Dev. Mean St. Dev. Mean St. Dev. Mean St. Dev. 

SCC-3 0.052 0.0076 3.6 0.67 0.77 0.46 7.8 1.3 <3 25 8.7 2.0 0.76 35 7.9 
SCC-2 0.075 0.026 6.2 0.40 3.2 0.26 10 1.4 <2 25 1.2 2.7 0.26 66 1.6 
SCC-1 0.042 0.024 9.2 1.6 0.72 0.33 12 0.26 1 * 85 12 0.82 1.0 50 5.5 
SC-1 0.033 0.012 5.8 0.10 25 1.4 8.9 2.2 <4 54 1.0 21 1.2 46 4.6 
SC-2 <0.08 30 12 38 15 11 2.6 3.3 0.58 84 33 39 16 75 10 
SC-3 0.12 0.078 18 0 46 2.6 13 2.0 8.3 4.0 108 15 91 7.2 98 4.1 
SC-4 0.083 0.015 21 6.4 13 1.0 9.5 1.8 <2 41 3.6 8.9 2.8 61 1.4 
SC-5 0.43 0.15 28 9.0 48 15 28 12 3 * 44 4.4 11 4.4 204 108 
SC-6 0.55 0.14 49 18 37 2.4 12 1.4 <2 45 4.0 5.1 0.90 72 4.8 
SC-7 0.29 0.046 24 3.1 29 3.1 8.8 1.1 <2 39 3.6 4.7 0.58 43 4.6 

Notes: N = 3 
* - only detected in a single sample. 
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TABLE 5-3 

CONCENTRATIONS OF TOTAL METALS IN ALEXANDER RESERVOIR SEDIMENT 
SAMPLES (MG/KG DRY WT.) 

Location Ag As Cd Cu Mo Ni Se V 

ARC-1 0.06 2.9 0.4 9.3 <1 11 1.2 26.3 

ARC-2 0.05 2.9 0.5 7.8 <0.9 10 0.7 21.8 

ARC-3 0.04 2.3 0.5 7.1 <0.9 8 0.6 20.4 

ARC-4 0.06 2.7 0.5 7.7 <1 9 0.6 22.6 

ARC-5 0.03 2.4 <0.3 4.8 <0.8 6 0.7 14.6 

ARC-6 0.05 1.9 <0.3 5.6 <0.8 7 0.5 17.9 

ARC-7 0.03 2.4 <0.6 6.7 <2 8 1.3 18.5 

ARC-9 0.04 1.9 0,3 5.1 <0.8 6 1.2 14.2 

ARC-8 <0.02 1.7 <0.2 2.2 <0.6 3 0.4 7.5 

ARS-1 0.06 5.1 8 5 <4 14 2.1 20 

ARS-2 0.1 3.6 5 5.9 <0.8 13 1.4 20.3 

ARS-3 0.04 5 6 4 <3 12 1.4 15 

ARS-4 0.09 5.9 6.2 6.3 <1 15 2.3 23.2 

ARS-5 0.08 5.6 8.9 6.4 <2 20 1.9 25.2 

ARS-6 0.16 7.2 12.3 10.9 <1 20 3.2 38 

ARS-7 0.24 11 21 12.4 <1 30 4 48.6 

ARS-8 0.3 24 24.9 13.3 <1 35 6 65.8 

ARS-9 0.25 18.2 29.5 10 <2 35 6 57 

NOTES: < = Less than detection limit. 
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METAL CONCENTRATIONS (MG/KG DRY WT.) IN SEDIMENT CORES COLLECTED FROM SODA CREEK AND 
ALEXANDER RESERVOIR. 

© o 
a 
® 

o 
Q 
© M 

Location Sample Depth Ag As Cd Cu Mo Ni Se V pH TOC (90) 
Soda Creek 
SCC-3 0-to-2" <0.1 3.1 2 8 <3 13 3 31 6.7 8 
SCC-3 2-lo-7" 0.09 6.4 <1 8 <3 56 3 52 6.8 4.3 
SCC-1 0-to-2" 0.06 8.3 0.9 10.7 <0.7 63 1.6 42.2 7.3 3.7 
SCC-1 2-to-8" 0.03 7.7 0.9 12.2 <0.9 95 1.2 47.4 7.3 2.5 
SC-2 0-to-4" 0.1 22 63.5 16.8 4 81 63 76.4 6.7 5.8 
SC-2 4-to-10" <0.06 24 5 5.3 <2 105 15 66.7 7.1 7 
SC-4 0-to-4" 0.08 24 14.6 10.8 <2 48 8.1 67.5 6.7 2.5 
SC-4 4-to-10" 0.06 21 11.9 10.2 <1 34 4.9 49.1 7.1 2.5 
SC-5 0-to-5" 0.46 27 43 27.6 2 44 11 165 7 3 
SC-5 5-to-ll" 0.36 15 18.3 12.9 <2 34 3.3 51.5 6.9 3.4 
Alexander Reservoir 
ARC-3 0-to-4" 0.05 2.3 0.4 6.3 <0.8 7 0.5 20 7.7 2.7 
ARC-3 4-to-8" 0.05 2.4 0.4 6.4 <0.6 8 0.4 18.6 7.8 2.6 
ARC-6 0-lo-4" 0.05 2.5 0.5 7.2 <0.8 8 <0.3 19.3 7.4 2.6 
ARC-6 4-to-12" 0.14 2.4 2.1 9.7 <0.7 12 1.4 32 7.4 2.2 
ARC-6 12-to-16" 0.14 3.4 1.9 10.5 <1 14 1.3 41.4 7.7 2.1 
ARS-2 O-to-4" 0.08 4.1 5.1 6.8 <0.7 13 1.6 20.7 7.4 2.3 
ARS-2 4-to-10" 0.13 4.9 4.9 8.6 <1 16 1.8 26.4 7.3 3.1 
ARS-9 0-to-3" 0.21 19 26.2 8.1 <2 33 4.3 44.4 7.2 4.7 
ARS-9 3-to-10" 0.33 28 18.7 8.8 <0.9 36 5.3 39.9 7.1 3.3 

NOTES: < Less than detection limit. 



TABLE 5-5 

SURFACE WATER CHEMISTRY 

Field Location Field pH Temp o2 Conductivity 
Alexander Reservoir °C (mg/L) (pm hos/cm) 
ARC-3 7.65 3.8 9.93 601 
ARC-6 7.94 2.5 10.04 590 
ARC-2 7.94 1.6 11.84 584 
ARC-9 7.48 6.1 11.91 943 
Soda Creek 
SC-6 7.36 4.8 10.41 929 
SC-4 7.51 2.5 10.91 1,329 
SC-3 7.48 2.3 10.38 1,386 
SC-2 6.96 3.3 9.31 1,414 
SCC-1 8.05 4.7 11.2 906 
SCC-3 6.85 4.3 13.71 788 

Laboratory 
Location 

Alkalinity 
(mg/L 

CaC03) 

Cadmium 
(mg/L) 

Calcium 
(mg/L) 

Conductivity 
(umhos/cm) 

Hardness (by 
Calculation) 

(mg/L CaC03) 

Magnesium 
(mg/L) 

pH (std 
units) 

Selenium 
(mg/L) 

Sodium 
(mg/L) 

Total 
Dissolved 

Solids 
(mg/L) 

Alexander Reservoir 
ARC-3 240 <0.0002 70 670 310 32.2 7.8 0.002 25.2 380 
ARC-6 240 <0.0002 70.4 650 310 32.1 8.1 0.003 35.9 370 
ARS-2 250 <0.0002 73 770 340 37 7.9 0.002 25.6 350 
ARS-9 510 0.0008 98.4 1100 580 82.1 7.4 0.004 26.9 640 
Soda Creek 

SC-6 490 0.0009 96 1100 570 81.1 7.1 0.003 26.2 640 
SC-4 740 0.0003 119 1500 820 127 7.3 0.032 45.4 910 
SC-3 740 0.0005 125 1600 870 135 7.3 0.02 48.1 950 
SC-2 740 0.0003 121 1800 850 134 6.6 0.04 48.4 980 
SCC-1 510 <0.0002 83.3 1100 550 83.2 7.8 <0.001 24.6 590 
SCC-3 420 <0.0002 90.1 900 480 63.2 7 0.001 14.6 480 
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TABLE 5-6 

MEAN AND STANDARD DEVIATION (MG/KG CLAY) FOR EACH OF THE 
CHEMICAL CONSTITUENTS AND PH IN THE SEDIMENTS AT EACH STATION IN 

SODA CREEK. 

Chemical 
Statistic 

(n=3) 

Station 

Chemical 
Statistic 

(n=3) SCC-3 SCC-2 SCC-1 SC-1 SC-2 SC-3 SC-4 SC-5 SC-6 SC-7 

Arsenic mean 18.3 18.8 35.9 49.1 144 103 299 189 226 95.9 Arsenic 
stdev 8.19 2.65 7.19 3.63 30.6 31.9 160 83.8 75.1 13.1 

Cadmium mean 3.84 9.69 2.91 208 199 266 182 326 171 115 Cadmium 
stdev 2.56 0.0799 1.58 16.0 99.3 91.6 39.5 161 33.5 10.8 

Copper mean 38.1 30.2 47.8 74.4 54.8 79.1 128 186 57.1 34.8 Copper 
stdev 11.2 2.42 4.68 12.4 19.9 36.4 13.9 109 10.2 4.66 

Nickel mean 131 76.9 333 458 410 601 576 298 209 154 Nickel 
stdev 71.4 3.41 49.4 48.7 94.3 90.9 188 98.8 26.7 16.0 

Selenium mean 11.8 8.26 3.46 181 206 527 120 71.9 23.2 18.4 Selenium 
stdev 2.53 1.57 4.54 22.2 103 181 34.5 33.0 3.02 2.11 

Silver mean 0.211 0.231 0.169 0.285 0.180 0.753 1.15 2.75 2.57 1.14 Silver 
stdev 0.0657 0.0920 0.102 0.109 0.0527 0.708 0.322 0.541 0.826 0.192 

Vanadium mean 205 200 195 389 374 565 846 1368 332 169 Vanadium 
stdev 76.1 19.3 .2.153 16.7 21.1 198 198 946 50.6 19.9 

PH mean 6.83 6.87 7.27 6.80 6.43 6.93 6.67 7.00 6.87 7.30 PH 
stdev 0.058 0.058 0.3 0.00 0.058 0.153 0.115 0.10 0.231 0.00 
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TABLE 5-7 

MEAN AND STANDARD DEVIATION (MG/KG CLAY) FOR EACH OF THE 
CHEMICAL CONSTITUENTS AND PH FOR EACH GROUP IN THE SEDIMENT 

SAMPLES FROM THE RESERVOIR. 

Chemical 
Reference 

(n=9) 
Group 1 

(n=3) 
Group 2 

(n=3) 
Group 3 

(n-3) 
Arsenic mean 13.9 37.8 41.1 101 Arsenic 

stdev 4.41 11.6 10.7 44.2 
Cadmium mean 1.62 51.2 58.1 146 Cadmium 

stdev 0.664 9.95 15.3 62.9 
Copper mean 34.3 40.5 51.2 65.6 Copper 

stdev 4.25 8.46 16.9 8.06 
Nickel mean 41.7 106 118 190 Nickel 

stdev 3.94, 16.7 12.2 60.9 
Selenium mean 4.69 13.1 16.3 30.8 Selenium 

stdev 2.07 1.38 5.58 12.8 
Silver mean 0.219 0.539 0.720 1.48 Silver 

stdev 0.0421 0.249 0.285 0.364 
Vanadium mean 101 149 187 323 Vanadium 

stdev 11.1 20.4 51.6 97.1 

PH mean 7.41 7.33 7.13 7.13 PH 
stdev 0.145 0.115 0.115 0.0577 

Notes: 

Reference consists of samples ARC-1,2,3,4,5,6,7,8, and 9. 
Group 1 consists of samples ARS-1,2, and 3. 
Group 2 consists of samples ARS-4,5, and 6. 
Group 3 consists of samples ARS-7,8, and 9. 
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TABLE 5-8. 

RESULTS OF ANOVAS AND DUNNETT'S MULTIPLE COMPARISON FOR EACH OF 
THE CHEMICAL CONSTITUENTS AND PH FOR EACH GROUP IN THE SEDIMENT 

SAMPLES FROM ALEXANDER RESERVOIR. 

Chemical 
ANOVA 
p-value 

Resr 
Multi 

alts of Dunnett's 
pie Comparisons! 

Chemical 
ANOVA 
p-value Group 1 Group 2 Group 3 

Arsenic <0.0001 ** *** 
*** 

Cadmium <0.0001 *** *** 

Copper 0.0008 NS * A 

Nickel <0.0001 *** *** 

Selenium <0.0001 ** 
*** 

*** 

Silver <0.0001 *-*• 
*** *** 

Vanadium <0.0001 * ** 
*** 

PH 0.0090 NS * * 

f *** p-value < 0.001 
** 0.001 < p-value < 0.01 
* 0.01 < p-value < 0.05 
NS Not Significant, p-value > 0.05 

Notes: 

Reference consists of samples ARC-1,2,3,4,5,6,7,8, and 9.. 
Group 1 consists of samples ARS-1,2, and 3. 
Group 2 consists of samples ARS-4,5, and 6. 
Group 3 consists of samples ARS-7,8, and 9. 
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TABLE 5-9 

MEAN AND STANDARD DEVIATION FOR EACH OF THE BENTHIC ORGANISMS THE 
SEDIMENTS AT DEPOSITIONAL STATIONS IN SODA CREEK. 

Statistic Station 
Benlhic Organism (n=3) SC< 3 SCC-2 SCC-l SC-1 SC-2 SC-3 SC-4 SC-5 SC-6 SC-7 

Tubilicidae mean i: 26681 ::; 35507 91304 24478 518638 18870. 41159 5 25261 . 2058 11884 
stdev 13042 14648 42587 4500 9743 5037 18453 9932 2000 7082 

Tanvtarsini mean 23522 35058:; 0 10565 1797 145 493 16753 1739 . 7 2 1 7  
stdev 14582 33343 0 8177 1515 251 327 13634 1959 2153 

Orthocladiinae mean 1101 449 0 768 12812 174 1058 4290 1029 594 
stdev 1053 201 0 584 10979 157 1373 3391 1377 262 

Chironomini mean 913 101 0 246 58 217 101 5000 2609 7302" 
stdev 242 176 0 289 100 376 176 4174 2269 39230 

Tanypodinae mean 275 72 116 0 0 0 478 9522 3319 478 Tanypodinae 
stdev 338 125 201 0 0 0 441 5994 4958 441 

Ostracoda mean 217 0 101 0 0 0 0 232 87 478 
stdev 376 0 176 0 0 0 0 201 76 200 

Lumbriculidae mean 0 768 101 449 870 1739 391 174 0 0 
stdev 0 887 176 370 870 2539 678 174 0 0 

Helobdella stagnalis mean 0 174 304 174 536 290 0 101 0 66 7 
stdev 0 157 285 301 522 283 0 176 0 500 

Dina sp. mean 0 188 6% 0 652 391 101 58 14 0 
stdev 0 326 920 0 726 442 176 100 25 0 

Bezzia sp. mean 0 0 0 681 0 1130 580 174 14 0 Bezzia sp. 
stdev 0 0 0 615 0 1495 756 174 25 0 

Nematoda mean 0 0 0 116 739 290 290 232 14 o 
stdev 0 0 0 100 513 283 502 402 25 0 

Naididae mean 0 0 0 0 0 0 0 0 0 7246 
stdev 0 0 0 0 0 0 0 0 0 6641 

Total Invertebrates mean 52855 72318 94319 37695 37319 24231 44942 62261 11100 102058 
stdev 19903 45747 41187 13566 20999 2865 16762 29520 12836 54408 

Total Taxa mean 5.67 5.33 4.33 7.67 7.67 7.00 6.00 10.33 8.67 8.67 
stdev 2.08 0.58 2.52 1.15 1.53 1.00 1.73 4.04 0.58 2.52 

Notes: 

Shaded area indicates the mean is 5% or greater of the total number of invertebrates 
at the station 

Values presented are organisms per square meter 
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TABLE 5-10 

MEAN AND STANDARD DEVIATION FOR EACH OF THE BENTHIC ORGANISMS IN 
EACH GROUP FOR THE SEDIMENT SAMPLES FROM THE RESERVOIR 

I 
I Benthic Organism Statistic 

Control 
(n=9) 

Group 1 
(n=3) 

Group 2 
(n=3) 

Group 3 
(n=3) 

Tubificidae mean 3304 8333 4681 12377 Tubificidae 
stdev 1826 8086 479 8317 

Chironomus sp. mean 1082 1160 840 565 Chironomus sp. 
stdev 1049 1037 645 399 

Naididae mean 411 1464 725 898 Naididae 
stdev 608 1058 411 805 

Tanytarsus sp. mean 82 174 174 855 Tanytarsus sp. 
stdev 118 87 44 1093 

Phaenopsectra sp. mean 106 43 159 333 Phaenopsectra sp. 
stdev 175 44 165 427 

Dicrotendipes sp. mean 29 29 0 101 Dicrotendipes sp. 
stdev 58 25 0 176 

Nais (communis) mean 43 275 72 319 Nais (communis) 
stdev 53 266 91 329 

Procladius sp. mean 29 72 14 72 Procladius sp. 
stdev 38 50 25 66 

Podocopa sp. mean 14 159 0 58 Podocopa sp. 
stdev 22 276 0 100 

Total Invertebrates mean 5182 11853 6709 15636 Total Invertebrates 
stdev 2504 11004 140 11106 

Total Taxa mean 7.89 10.67 7.00 10.33 Total Taxa 
stdev 2.47 4.73 1.00 2.31 

Shaded area indicates the mean is 5% or greater of the total number of invertebrates 
at the station. 

Values presented are organisms per square meter. 
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TABLE 5-11 

CANONICAL COEFFICIENTS FOR THE SEDIMENT SAMPLES FROM SODA CREEK. 

First Set of Coefficients 
Benthic Variable Canonical 

Coefficient 
Metal Canonical 

Coefficient 
Tubificidae 1.7973 Silver -0.9441 
Total Invertebrates -1.1625 Vanadium 0.8245 
Tanvtarsini 0.4205 Copper 0.5307 
Total Taxa 0.3497 Arsenic -0.4186 
Chironomini -0.1315 Nickel -0.3476 
Orthocladiinae 0.1265 Cadmium 0.1119 
Tanypodinae -0.0291 Selenium 0.0564 

Second Set o : Coefficients 
Benthic Variable Canonical 

Coefficient 
Metal Canonical 

Coefficient 
Tanytarsini 0.6945 Cadmium 1.1772 
Total Taxa 0.4189 Nickel -1.1893 
Total Invertebrates -0.2508 Vanadium 0.8747 
Orthocladiinae 0.1680 Silver -0.3284 
Chironomini -0.0950 Copper -0.2621 
Tanypodinae 0.0822 Selenium -0.2122 
Tubificidae 0.0678 Arsenic -0.1029 
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TABLE 5-12. 

BENTHIC ORGANISMS IDENTIFIED IN SEDIMENTS FROM SODA CREEK 
EROSIONAL STATIONS 

Benthic Organism SCC-1D SCC-2D SC-1D SC-2D SC-3D SC-4D SC-5D SC-6D SC-7D 

Nematoda 0 0 0 215 215 0 11 43 0 
Tubificidae 15953 3655 10535 7450 4257 989 2580 1462 3225 
Naididae 0 0 0 0 0 0 0 0 1376 
Helobdella stagnalis 645 387 720 0 0 86 0 0 0 
Dina sp. 215 43 140 0 301 43 11 0 0 
Hvalella azteca 1720 0 140 0 86 0 0 0 0 
Gammarus lacustris 172 0 0 0 301 430 0 0 0 
Baetis sp. 0 9116 0 1580 172 0 0 0 0 
Psvchoronia sp. 0 215 4085 0 0 537 0 0 0 
Optioservus sp. 301 43 0 0 0 699 11 0 43 
Orthocladiinae 43 2451 14405 15050 1376 21 129 5848 11266 
Tanvtarsini 43 1892 8310 1000 0 0 54 387 946 
Chironomini 43 0 75 0 0 11 11 129 473 
Simulium sp. 0 0 0 0 0 0 0 430 559 
Physa sp. 215 0 0 0 602 118 0 0 0 
Sphaerium sp. 0 0 215 0 0 11 0 0 86 

Total Invertebrates 19436 17845 38840 25585 7353 3095 2807 8471 18275 
Total Taxa 12 9 11 8 9 13 7 8 13 

Values presented are organisms per square meter. 
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TABLE 5-13 

MEAN AND STANDARD DEVIATION OF PERCENT MORTALITY AND ORGANISM 
DRY WEIGHT OF EACH STATION FOR THE SEDIMENT SAMPLES. 

Soda Creek 

Parameter Statistic Lab Control SCC-3 SCC-2 SCC-1 
Mortality (%) mean 17.9 7.78 8.89 18.3 Mortality (%) 

stdev 13.8 6.67 7.82 16.0 
Dry Weight 

mg / organism 
mean 0.921 1.98 1.53 1.97 Dry Weight 

mg / organism stdev 0.308 0.512 0.335 0.606 

Parameter Statistic SC-1 SC-2 SC-3 SC-4 SC-5 SC-6 SC-7 
Mortality (%) n 7 7 5 6 7 13 15 

mean 28.6 22.9 38.0 18.3 12.9 19.3 52.7 
stdev 36.3 17.0 36.3 7.53 13.8 28.4 41.1 

n 7 7 4 6 7 12 11 
Dry Weight mean 1.46 1.10 1.58 1.12 1.47 1.75 1.27 

mg/organism stdev .673 .673 .330 .354 .412 .224 

Alexander Reservoir 

Parameter Statistic Lab Control Referenc Group 1 Group 2 Group 3 
Mortality (%) mean 17.9 9.63 4.44 6.67 8.89 Mortality (%) 

stdev 13.8 10.9 5.27 11.2 10.5 
Dry Weight 

mg/ organism 
mean .921 2.34 2.04 1.48 1.28 Dry Weight 

mg/ organism stdev .308 .343 .270 .307 .164 

Golder Associates 
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TABLE 5-14. 

RESULTS OF TUKEY'S MULTIPLE COMPARISON TEST FOR ORGANISM DRY 
W EIGHT OF THE SEDIMENT SAMPLES FROM ALEXANDER RESERVOIR. 

Results of Tukev's Multiple 
Comparisons"}" 

Reference Group 1 Group 2 Group 3 
Lab 
Control 

*** * NS 

Reference NS *** *** 

Group 1 NS ** 

Group 2 NS 

-f- *** p-value < 0.001 
** 0.001 < p-value < 0.01 
* 0.01 < p-value < 0.05 
NS Not Significant, p-value > 0.05 

Golder Associates 
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January 23, 1995 FILE:94565CT.GLP 

Craig Hunter 
Golder Associates 
4104 148th Avenue N.E. 
Redmond Washington 
U.S.A. 98052 

Attn: Craig Hunter 

The report is divided into the following sections. 

A. method overview and result summary 
B. Quality Assurance report 
C. detailed test reports 
D. sample and test information 
E. method documentation 

We certify that the study was conducted according to the established study design. All 
deviations from protocol are docun îejHn the Quality Assurance section. 

RE: 10-DAY SURVIVAL AND GROWTH 

TESTS WITH CHIRONOMUS TENTANS ON 

SEDIMEhfTS FROM SODA SPRINGS, IDAHO 

J. 

D. Lintott. M.Sc. 
LABORATORY SUPERVISOR 

G. C. Balch. P.Biol. 
QUALITY ASSURANCE OFFICER 

#3. 6125 - 12 STREET S.E.. CALGARY. ALBERTA T2H 2K1 TELEPHONE (403) 253-7121' 



10-DAY TESTS WITH CHIRONOMUS TENTANS ON SODA SPRINGS SEDIMENTS 

A. METHOD OVERVIEW AND RESULTS SUMMARY 

1. INTRODUCTION 

Ten-day static sediment screening tests with the freshwater midge, Chironomus tentans 

were conducted on whole sediments collected from Soda Springs, Idaho. The tests were 

performed at HydroQual Laboratories Ltd., Calgary, Alberta for Golder Associates, 

Redmond, Washington. 

Testing was conducted according to the HydroQual Laboratories Ltd. Standard Operating 

Procedure, Chironomus tentans Sediment Toxicity Test (SOP IUV.III.X, appended). The 

method was based on the standard guide for conducting sediment toxicity tests with 

freshwater invertebrates (American Society for Testing and Materials, 1992; appended). 

The test endpoints were survival and growth (weight gain). 

2. TEST MATERIAL 

A total of 48 sediment samples were collected by Golder Associates Inc. from Soda 

Springs, Idaho, between November 6 to 16,1994. The sediments were collected in Ziploc 

bags and shipped in four coolers. All coolers arrived with seals intact at HydroQual on 

November 14,15,16 and 18. The samples were also sealed and in good condition. The 

coolers were assigned sample numbers 94565-1 to 4. The sediments were assigned 

consecutive numbers appended to the cooler number. The sediments were stored in the 

shipping coolers at approximately 7°C in darkness. 

3. TEST SPECIES 

The tests were conducted with Chironomus tentans larvae obtained from Aquatic 

Research Organisms, Hampton, NH. Tests were initiated with third instar larvae ranging 

nap. 
GOLDER ASSOCIATES INC., REDMOND. WASHINGTON 
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10-DAY TESTS WITH CHIRONOMUS TENTANS ON SODA SPRINGS SEDIMENTS 

from 9 to 15 days of age (post-hatch). No diseases, abnormal behaviour, or excessive 

mortality were observed in the cultures prior to testing. 

4. TEST METHOD 

The sediments were homogenized with the interstitial water present in the bag and 

dispensed to the precleaned test vessels (100 mL per 700 mL glass container). The 

sediments were not sieved prior to testing. Four hundred millilitres of laboratory dilution 

water was then added and the sediments allowed to settle overnight. The dilution water 

was supplemented with sodium bicarbonate to provide a better site specific assessment 

of toxicity (final sodium concentration of 33 mg/L). 

The controls contained 100 mL of acid washed silica sand (70 mesh) and 400 mL of 

laboratory dilution water supplemented with sodium bicarbonate. 

The testing was completed in four rounds (10 to 15 samples per round). There were three 

replicates for each sediment and six control replicates. The test vessels were aerated for 

approximately one hour before test initiation. The pH, conductance and dissolved oxygen 

was measured in each treatment group prior to the addition of ten chironomids. The tests 

were initiated on November 25, December 2, 19 and 23, 1994. 

At test termination (Day 10) the sediments were sieved and the number of surviving 

chironomids recorded. The chironomids were then dried at 60°C and weighed to assess 

effects on growth. Aliquots from each set of replicates were pooled for analysis of pH, 

conductance, dissolved oxygen, hardness and alkalinity. 

Significant differences in mortality and dry weights of the test sediments were compared 

to the controls by a Student's t-Test, using the computer program Toxstat (p=0.05; Gulley 

et al., 1991). 

GOLDER ASSOCIATES INC., REDMOND, WASHINGTON 
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10-DAY TESTS WITH CHIRONOMUS TENTANS ON SODA SPRINGS SEDIMENTS 

5. RESULTS SUMMARY 

The test results are summarized in Table 1 and the final reports are appended. 

There were no deviations from the standard operating procedure for conducting sediment 

screening tests with Cbironomus tentans. 

6. REFERENCES 

Gulley, D.D., A.M. Boelter, and H.L. Bergman, 1991. Toxstat Program, Ver 3.3, Dept., 

Zool. Physiol., Univ. Wyoming, Laramie. 

American Society for Testing and Materials. 1993. Standard Guide for Conducting 

Sediment Toxicity Tests with Freshwater Invertebrates. Annual Book of ASTM Standards, 

vol 11.04. Water and Environmental Technology. E1383-92. 

GOLDER ASSOCIATES INC., REDMOND, WASHINGTON 
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TABLE 1. RESULT SUMMARY FOR SEDIMENT TESTS WITH CHIRONOMUS TENTANS 

MORTALITY (%) DRY WEIGHT (tug) 

SAMPLE SITE AVG SD COMMENT AVG SD COMMENT 

M94AR-001 ARC1 13 6 2.0 0.3 

M94AR-002 ARC2 7 12 2.2 0.4 

M94AR-003 ARC3 23 21 2.6 0.4 

M94AR-006 ARC4 3 6 2.2 0.1 

M94AR-007 ARC5 10 10 2.6 0.1 

M94AR-009 ARC6 7 6 2.1 0.1 

M94AR-014 ARC7 7 12 2.4 0.1 

M94AR-016 ARC8 10 10 2.5 0.3 

M94AR-015 ARC9 7 12 2.6 0.3 

M94AR-017 ARS1 3 6 2.0 0.2 

M94AR-021 ARS2 7 6 2.3 0.3 

M94AR-022 ARS3 3 6 1.9 0.3 

M94AR-023 ARS4 0 0 1.5 0.3 

M94AR-024 ARS5 13 15 1.8 0.2 

M94AR-025 ARS6 7 12 1.2 0.2 

M94AR-026 ARS7 7 12 1.4 0.0 

M94AR-027 ARS8 7 6 1.3 0.1 

M94AR-031 ARS9 13 15 1.1 0.1 

M94SC-001 SC-7A 73 46 SIG 1.5 0.0 

M94SC-002 SC-7B 10 10 1.4 0.1 

M94SC-003 SC-7C 90 10 SIG 1.4 0.1 

M94SC-005 SC-6A 40 53 1.4 0.0 

M94SC-006 SC-6B 23 40 1.2 0.3 

M94SC-007 SC-6C 13 6 1.6 0.3 

M94SC-021 SC-5A 7 6 1.5 0.1 

M94SC-022 SC-5B 33 21 0.8 0.3 

M94SC-023 SC-5B 37 29 1.0 0.1 

M94SC-024 SC-5C 20 20 1.6 0.1 

M94SC-028 SC-4A 40 35 0.8 0.3 

M94SC-029 SC-4B 37 38 0.8 0.5 

M94SC-030 SC-4C 47 47 0.9 0.9 

M94SC-033 SC-3A 20 20 1.6 0.4 

M94SC-034 SC-3B 30 26 1.5 0.3 

M94SC-035 SC-3C 57 40 0.5 0.4 

M94SC-036 SC-3D 23 23 1.2 0.5 

M94SC-040 SC-2A 30 17 0.9 0.4 

M94SC-042 SC-2C 17 21 1.2 0.2 

M94SC-044 SC-1A 30 36 1.5 0.7 

M94SC-045 SC-1B 37 46 1.2 0.8 

M94SC-046 SC-1C 27 25 1.3 0.7 

M94SC-051 SCC-1A 80 26 SIG 0.6 0.3 
M94SC-052 SCC-1B 20 10 1.9 0.7 

M94SC-OS3 SCC-1C 10 0 2.1 0.2 

M94SC-054 SCC-1D 37 47 1.1 0.7 

M94SC-057 SCC-2A 10 10 1.5 0.2 

M94SC-058 SCC-2B 3 6 1.7 0.3 

M94SC-OS9 SCC-2C 13 6 1.4 0.5 

M94SC-065 SCC-3A 7 6 1.7 0.7 

M94SC-066 SCC-3B 10 10 1.9 0.2 

M94SC-067 SCC-3C 7 6 2.2 0.5 

NOTES: SD, sample standard deviation; SIQ, significantly different at the p=0.05 level; AVG, average of three replicates 



10-DAY TESTS WITH CHIRONOMUS TENTANS ON SODA SPRINGS SEDIMENTS 

B. QUALITY ASSURANCE REPORT 

The Quality Assurance Unit (QAU) is responsible for ensuring that standard procedures 

are followed and that adequate control practices are in place for the generation of quality 

data. The quality of data is assessed through audits of general operating and test 

procedures and reviews of data collection, analyses, and reporting. The following 

components of the tests reported here were audited by the Quality Assurance Unit. 

TEST COMPONENT DATE AUDITOR 

?•>" /-'t A i 67 %/lLCf/ 

/n //<j Z/bucr-/ 

9y//z //ft-fi a. £ai~C(/ 

?y"Av/z3 a. £ /tccrt 

A) Sample Storage and Handling 

B) Test Organisms 

C) Testing 

D) Data Analyses 

E) Reporting 

Two in-life audits were performed on the Chironomus tentans sediment tests. These audits 

covered test initiation and termination, and included observation of the addition and 

removal of test organisms, and verification of test conditions. It was found that all 

practices outlined in the Standard Operating Procedure for the Chironomus tentans 

Sediment Toxicity Test (II.IV.III.X) were followed. 

G. C. Balch, P.Biol. Signature: ^ 

Quality Assurance Officer Date (y/m/d): /z 3 

GOLDER ASSOCIATES INC., REDMOND, WASHINGTON 

January 23, 1995 - 5 - 94565CT.GLP 



10-DAY TESTS WITH CHIRONOMUS TENTANS ON SODA SPRINGS SEDIMENTS 

C. DETAILED TEST REPORTS 

GOUDER ASSOCIATES INC., REDMOND, WASHINGTON 

January 23, 1995 - 6 - 94565CT.GLP 



HydroQual 
^ I ohwoinriae I tH Laboratories Ltd. 

TOXICITY TEST RESULTS 

PROJECT#: 94044-4 

TEST#: 941952-1 

SAMPLE#: 94565-1 

PROTOCOL: Chironomus tentans 10 Day Static Acute Lethality Test 

screening test (single concentration) 

REFERENCE: 

CUENT: 

SAMPLE: 

TEST DATA: 

Standard Guide for Conducting Sediment Toxicity Tests with Freshwater Invertebrates 

1993. Annual Book of ASTM Standards, vol. 11.04. Water and Environmental 

Technology. E1383-93. 

GOLDER ASSOCIATES, Redmond, Washington 

M94AR-001 

ARC1 

DATE: 94/11/06 

INITIATION TERMINATION 

pH CONO DO pH COND DO HARD ALKAL 

CONTROL 8.2 525 7.3 8.5 605 7.5 262 172 

M94AR-001 8.3 522 7.2 8.4 620 7.3 270 216 

REPLICATE 

SAMPLE A B c D H H wsunsm 

CONTROL 20 30 40 30 40 10 28 12 

M94AR-O01 20 10 10 13 6 not toxic 

CONTROL 0.8 1.7 1.0 0.6 0.7 1.1 1.0 0.4 

M94AR-O01 2.2 2.1 1.6 2.0 0.3 not toxic 

NOTE: Differences In mortality and weight between the control and test sediment were determined by a student s t-test at p <0.05. 

COND«"conductivity (uS/cm), DO»dlssolved oxygen (mg/U. HARD=hardness (mg/l), AlKAL=alkalinity (mg/L) 

AVGwaverage, SD-atandard deviation 

The test was Initiated with 10 chlronomids per test vessel. 

COMMENTS: 

STARTED: 94/11/25 AT: 1600 BY: D. Lintott 

ENDED: 94/12/05 AT: 1000 BY: D. Lintott 

REPORTED: 95/01/09 BY: D. Lintott 

VERIFIED: 95/01/19 BY: K. Kok  ̂"ft* J". 

#3,6125- 12 STREET S.E.. CALGARY. ALBERTA T2H 2K1 TELEPHONE (4031253-7121. FAX (403) 252-9363 
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J? Laboratories Ltd. 

TOXICITY TEST RESULTS 

PROJECT#: 9404-4-4 

TEST#: 941955-1 

SAMPLE#: 94565-3 

PROTOCOL: 

REFERENCE: 

CLIENT: 

SAMPLE: 

TEST DATA: 

Chironomus tentans 10 Day Static Acute Lethality Test 

screening test (single concentration) 

Standard Guide for Conducting Sediment Toxicity Tests with Freshwater Invertebrates 

1993. Annual Book of ASTM Standards, vol. 11.04. Water and Environmental 

Technology. E1383-93. 

GOLDER ASSOCIATES, Redmond, Washington 

M94SC-007 

SC-6C 

DATE: 94/11/11 

INITIATION TERMINATION 

pH COND DO pH COND DO HARD ALKAL 

CONTROL S.3 446 6.1 8.1 548 7.9 384 226 

M94SC-007 8.4 639 B.O 8.4 651 7.5 388 268 

REPLICATE 

SAMPLE A B c D * F WBoSSmm •Willi 

CONTROL 20 40 30 20 30 30 28 8 

M94SC-007 10 10 20 13 6 not toxic 

CONTROL 0.7 0.5 1.1 0.6 0.5 0.6 0.7 0.2 

M94SC-007 1.3 1.9 1.7 1.6 0.3 not toxic 

NOTE: Differences In mortality and weight between the control and tart sediment were determined by a student s Meat at P <0.05 

COND°>conductivity (uS/cm), DO=dlesolved oxygen (mg/l), HARD«• hardness (mg/U, ALKAL»alKallnlty (mg/l) 

AVG-average, SO » standard deviation 

The test was Initiated wttti 10 chlronomlds per test vessel. 

COMMENTS: 

STARTED: 94/12/19 AT: 1200 BY: D. Lintott 

ENDED: 94/12/29 AT: 1130 BY: D. Lintott 

REPORTED: 95/01/13 BY: D. Untott 

VERIFIED: 95/01/20 BY: K. Kok J<- /&£'. 

#3. 6125 - 12 STREET S.E.. CALGARY. ALBERTA T2H 2K1 TELEPHONE (403) 253-7121. FAX (403) 252-9363 
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Laboratories Ltd. 

TOXICITY TEST RESULTS 

PROJECT#: 94044-4 

TEST#: 941955-2 

SAMPLE#: 94565-3 

PROTOCOL: 

REFERENCE: 

CLIENT: 

SAMPLE: 

TEST DATA: 

Chironomus tentans 10 Day Static Acute Lethality Test 

screening test (single concentration) 

Standard Guide for Conducting Sediment Toxicity Tests with Freshwater Invertebrates 

1993. Annual Book of ASTM Standards, vol. 11.04. Water and Environmental 

Technology. E1383-93. 

GOLDER ASSOCIATES, Redmond, Washington 

M94SC-021 

SC-5A 

DATE: 94/11/14 

INITIATION TERMINATION 

pH CONO DO PH COND DO HARD ALKAL 

CONTROL B.3 446 8.1 8.1 548 7.9 384 228 

M94SC-021 8.6 712 8.0 8.5 724 7.4 448 288 

REPLICATE 

SAMPLE A B c D E F I SO OOMMEHT t! 
jnsjss&ss; 

CONTROL 20 40 30 20 30 30 28 8 

M94SC-021 10 0 10 7 6 not toxic 

CONTROL 0.7 0.5 1.1 0.6 0.5 0.6 0.7 0.2 

M94SC-021 1.4 1.5 1.5 1.5 0.1 not toxic 

NOTE: Differences In mortality and weight between the control and test sediment were determined by a student's t-test at p <0.05 

COND-conductlvtty (uS/cm), DO-dissolved oxygen (mg/l), HARD-hardness (mg/l), ALKAL-elkalinlty |mg/U 

AVGB> average, SDwstandard deviation 

The test was Initiated with 10 chironomlda per test vessel. 

COMMENTS: 

STARTED: 94/12/19 AT 1200 BY: D. Lintott 

ENDED: 94/12/29 AT 1130 BY; D. Lintott 

REPORTED: 95/01/13 BY D. Lintott • /S i// 
VERIFIED: 95/01/20 BY K. Kok 

8 £ 

#3. 6125 - 12 STREET S.E . CALGARY, ALBERTA T2H 2K1 TELEPHONE (403) 253-7121. FAX (403) 252-9363 
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^ PROJECT#: 94044-4 

TEST#: 941955-3 HydroQual 
•w I o^wn+Arloc I +H ' 'J SAMPLE#: 94565"3 

TOXICITY TEST RESULTS 

PROTOCOL: 

REFERENCE: 

Chironomus tentans 10 Day Static Acute Lethality Test 

screening test (single concentration) 

Standard Guide for Conducting Sediment Toxicity Tests with Freshwater Invertebrates 

1993. Annual Book of ASTM Standards, vol. 11.04. Water and Environmental 

Technology. E1383-93. 

CLIENT: 

SAMPLE: 

TEST DATA: 

GOLDER ASSOCIATES, Redmond, Washington 

M94SC-022 

SC-5B 

DATE: 94/11/14 

INITIATION TERMINATION 

PH COND DO pH COND DO HARD ALKAL 

CONTROL 8.3 446 6.1 8.1 548 7.9 384 226 

M94SC-022 8.6 685 6.1 8.5 674 7.4 352 316 

REPLICATE 

SAMPLE A I B 1 I c I D j E | F iiiii iiNI ̂HHi 

CONTROL 20 40 30 20 30 30 28 8 

M94SC-022 40 10 50 33 21 not toxic 

mm I 
CONTROL 0.7 0.5 1.1 0.6 0.5 0.6 0.7 0.2 

M84SC-022 0.6 1.1 0.7 0.6 0.3 not toxic 

NOTE: Differ®rw** In mortality and weight between the control and test sediment were determined by a student's t-test at p <0.05 

CONDaconductMty (uS/cm), DO«*dissotved oxygen (mg/L). HARD « hardness (mg/U. ALKAl»alkalinrty (mg/L) 

AVG»* average, SO-standard deviation 

The test was Initiated with 10 chlronomids per test vessel. 

COMMENTS: One large leech was observed in each of replicates A and C of the test sediment 

at termination. 

STARTED: 

ENDED: 

REPORTED: 

VERIFIED: 

94/12/19 

94/12/29 

95/01/13 

95/01/20 

AT: 1200 

AT: 1130 

BY: D. Lintott 

BY: D. Lintott 

BY: D. Lintott 

BY: K. Kok 

#3. 6125 - 12 STREET S.E.. CALGARY. ALBERTA T2H 2K1 TELEPHONE (403) 253-7121. FAX (403) 252-9363 



HydroQual 
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PROJECT#: 94CW4-4 

TEST#: 941955-4 

\y~j 1 'J SAMPLE#: 94565'3 

TOXICITY TEST RESULTS 

PROTOCOL: Chironomus tentans 10 Day Static Acute Lethality Test 

screening test (single concentration) 

REFERENCE: Standard Guide for Conducting Sediment Toxicity Tests with Freshwater Invertebrates 

1993. Annual Book of ASTM Standards, vol. 11.04. Water and Environmental 

Technology. E1383-93. 

CLIENT: 

SAMPLE: 

TEST DATA: 

COMMENTS: 

GOLDER ASSOCIATES, Redmond, Washington 

M94SC-023 

SC-5B 

DATE: 94/11/14 

1 INmATlON 1 TERMINATION 

pH COND DO PH COND DO HARD ALKAL 

CONTROL 8.3 446 8.1 8.1 548 7.9 384 228 

M94SC-023 8.6 674 8.1 8.5 668 7.4 416 272 

REPUCATE 

I SAMPLE A 1 B 1 c J I D E | F IM mum ®I1I111 
Sliif 

CONTROL 20 40 30 20 30 30 28 8 

M94SC-023 20 20 70 37 29 not toxic 

: "r ,£• *• * 

CONTROL mm mrm 1.1 0.6 0.5 0.6 0.7 0.2 

M94SC-023 1.0 1.! 1.0 1.0 0.1 not toxic 

NOTE: Differences In mortality and weight between the control and test sediment were determined by a student s Meat at p <0.05 

COND—conductivity (uS/cm), DO—dissolved oxygen (mg/l). HARD-hardness (mg/L), ALKAL—alkalinity (mg/L) 

AVQ-average, SO-standard deviation 

The test was Initiated with 10 chlronomlds per test vessel. 

One large leech was observed in each of replicates A and C of the test sediment 

at termination. 

STARTED: 94/12/19 AT: 1200 BY: D. Lintott 

ENDED: 94/12/29 AT: 1130 BY: D. Lintott 

REPORTED: 95/01/13 BY: D. Lintott / 

VERIFIED: 95/01/20 BY: K. Kok 

#3. 6125 - 12 STREET S.E . CALGARY. ALBERTA T2H 2K1 TELEPHONE (403) 253-7121. FAX 0403) 252-9363 
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Laboratories Ltd. 

TOXICITY TEST RESULTS 

PROJECT#: 94044-4 

TEST#: 941955-5 

SAMPLE#: 94565-3 

PROTOCOL: Chironomus tentans 10 Day Static Acute Lethality Test 

screening test (single concentration) 

REFERENCE: 

CLIENT: 

SAMPLE: 

TEST DATA: 

Standard Guide for Conducting Sediment Toxicity Tests with Freshwater Invertebrates 

1993. Annual Book of ASTM Standards, vol. 11.04. Water and Environmental 

Technology. E1383-93. 

GOLDER ASSOCIATES, Redmond, Washington 

M94SC-024 

SC-5C 

DATE: 94/11/14 

INITIATION TERMINATION 

PH COND DO PH COND DO HARD ALKAL 

CONTROL 8.3 446 8.1 8.1 548 7.9 384 228 

M94SC-024 8.6 605 8.0 8.5 606 7.2 464 316 

REPLICATE 

SAMPLE A B C D H mm IM^SI iiwisii 

wmmmm 
CONTROL 20 40 30 20 30 30 28 8 

M94SC-024 0 40 20 20 20 not toxic 

CONTROL 0.7 0.5 1.1 0.6 0.5 0.6 0.7 0.2 

M94SC-024 1.7 1.5 1.6 1.6 0.1 not toxic 

NOTE: Differences In mortality and weight batmen the control and teat sediment wen determined by a student a Meat at p <0.05 

COND-conduettvtty (uS/cm), DO*d!ssolved oxygen (mg/l), HARD-hardness (mg/l). ALKAL=aJkallnlty (mg/L) 

AVQwavarege, Substandard deviation 

The last was Initiated with 10 ehironomids par last vassal. 

COMMENTS: 

STARTED: 94/12/19 AT: 1200 BY: D. Lintott 

ENDED: 94/12/29 AT: 1130 BY: D. Lintott 

REPORTED: 95/01/13 BY: 0. Lintott 

VERIFIED: 95/01/20 BY: K. Kok  ̂Kit 

• *  t r  . i  

#3. 6125- 12 STREET S.E.. CALGARY. ALBERTA T2H 2K1 TELEPHONE (403) 253-7121. FAX (403) 252-9363 
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PROJECT#: 94044-4 

TEST#: 941955-6 

Lab^tateslti SAMPLE#: 94565-3 

TOXICITY TEST RESULTS 

PROTOCOL: Chironomus tentans 10 Day Static Acute Lethality Test 

screening test (single concentration) 

REFERENCE: Standard Guide for Conducting Sediment Toxicity Tests with Freshwater Invertebrates 

1993. Annual Book of ASTM Standards, vol. 11.04. Water and Environmental 

Technology. E1383-93. 

CLIENT: 

SAMPLE: 

TEST DATA: 

GOLDER ASSOCIATES, Redmond, Washington 

M94SC-028 

SC-4A 

DATE: 94/11/14 

| INITIATION TERMINATION 

PH COND DO PH COND DO HARD ALKAL 

CONTROL 8.3 446 8.1 8.1 548 7.9 384 228 

M94SC-028 8.3 517 8.3 8.2 515 7.3 516 190 

REPUCATE 

A I B | C | D | E | F I SAMPLE 

REPUCATE 

A I B | C | D | E | F 

t&v.i 
CONTROL 20 40 30 20 30 30 28 8 

M94SC-028 20 80 20 40 35 not toxic 

CONTROL 0.7 0.5 1.1 0.6 0.5 0.6 0.7 0.2 

M94SC-028 1.1 0.5 0.8 0.8 0.3 not toxic 

COMMENTS: 

NOTE: Differences In mortality and weight between the control and test sediment were determined by a student's t-test at p <0.05 

COND <= conductivity (uS/cm), DO"»dissolved oxygen (mg/L). HARD hardness (mg/L), ALKAL**alkalinity (mg/L) 

AVG=average, 80=standard deviation 

The test was Initiated with 10 chlronomlds per test vessel. 

One large leech was observed in replicate B of the test sediment at termination. 

STARTED: 94/12/19 AT: 1200 BY: D. Lintott 

ENDED: 94/12/29 AT: 1130 BY: D. Untott 

REPORTED: 95/01/13 BY: D. Lintott • ,r // /? 

VERIFIED: 95/01/20 BY: K. Kok rfvr/ic 

#3, 6125- 12 STREET S.E.. CALGARY. ALBERTA T2H 2K1 TELEPHONE (403) 253-7121. FAX (403) 252-9363 



Laboratories Ltd. 

TOXICITY TEST RESULTS 

PROJECT#: 94044-4 

TEST#: 941955-7 

SAMPLE#: 94565-3 

PROTOCOL: 

REFERENCE: 

CLIENT: 

SAMPLE: 

TEST DATA: 

Chironomus tentans 10 Day Static Acute Lethality Test 

screening test (single concentration) 

Standard Guide for Conducting Sediment Toxicity Tests with Freshwater Invertebrates 

1993. Annual Book of ASTM Standards, vol. 11.04. Water and Environmental 

Technology. E1383-93. 

GOLDER ASSOCIATES, Redmond, Washington 

M94SC-029 

SC-4B 

DATE: 94/11/14 

INITIATION TERMINATION 

pH COND DO PH COND DO HARD ALKAL 

CONTROL 8.3 446 8.1 8.1 548 7.9 324 228 

M94SC-029 8.3 550 8.2 8.2 560 7.4 328 208 

REPLICATE 

SAMPLE A B c D E F SHH 

CONTROL 20 40 30 20 30 30 28 8 

M94SC-029 80 10 20 37 38 not toxic 

CONTROL 0.7 0.5 1.1 0.6 0.5 0.6 0.7 0.2 

M94SC-029 0.2 1.1 1.0 0.8 0.5 not toxic 

COMMENTS: 

NOTE: Differences In mortality and weight between the control and test sediment were determined by a student s t-test at p <0.05 

COND=conductivtty (uS/cm), DO-dlsstrtved oxygen (mg/L). HARD«hardness (mg/L). AIKAL*» alkalinity (mg/L) 

AVQasverage, SD«*standard deviation 

The test was Initiated with 10 ehtronomlds per test vessel. 

One large leech was observed in replicate A of the test sediment at termination. 

STARTED: 94/12/19 AT 1200 BY: D. Lintott 

ENDED: 94/12/29 AT 1130 BY: D. Lintott 

REPORTED: 95/01/13 BY D. Lintott 

VERIFIED: 95/01/20 BY K. Kok /fl-f 

BmM 
#3. 6125 - 12 STREET S.E.. CALGARY. ALBERTA T2H 2K1 TELEPHONE (403) 253-7121. FAX (403) 252-9363 



HydroQual 
^ I ohuvQirtriae I tH Laboratories Ltd. 

TOXICITY TEST RESULTS 

PROJECT#: 94044-4 

TEST#: 941955-8 

SAMPLE#: 94565-3 

PROTOCOL: Chironomus tentans 10 Day Static Acute Lethality Test 

screening test (single concentration) 

REFERENCE: Standard Guide for Conducting Sediment Toxicity Tests with Freshwater Invertebrates 

1993. Annual Book of ASTM Standards, vol. 11.04. Water and Environmental 

Technology. E1383-93. 

CLIENT: GOLDER ASSOCIATES, Redmond, Washington 

SAMPLE: M94SC-030 DATE: 94/11/14 

SC-4C 

TEST DATA: 

INITIATION TERMINATION 

PH COND DO PH COND DO HARD ALKAL 

CONTROL 8.3 446 8.1 8.1 548 7.9 384 228 

M94SC-030 6.5 530 8.0 8.3 562 7.2 436 196 

REPLICATE 

I SAMPLE A I I B el I 0 I E | F w Rllll BliiiS! 

.<•' . v '•' •• 
CONTROL 20 40 30 20 30 30 28 8 

M94SC-030 30 10 100 47 47 not toxic 

. - j ;  

«• "V 
mill 

CONTROL 0.7 0.5 1.1 0.6 0.5 0.6 0.7 03. 

M94SC-030 0.9 1.8 - 0.9 0.9 not toxic 

NOTE: Differences In mortality and weight between the control and test sediment were determined by a student's t-test at p <0.05 

CONDiconductlvtty (uS/cm), DO-dlssolved oxygen (mg/l). HARD=hardness (mg/L), ALKAL=alkaIinlty (mgflj 

AVGwaverage, SD°<standard deviation 

The test was Initialed with 10 chlronomlds per test vessel. 

COMMENTS: One large leech was observed in replicate C of the test sediment at termination. 

STARTED: 94/12/19 AT: 1200 BY: D. Lintott 

ENDED: 94/12/29 AT: 1130 BY: D. Lintott 

REPORTED: 95/01/13 BY: D. Lintott ;/ j,t 
VERIFIED: 95/01/20 BY: K. Kok flip II 3 S&jS ;-3| 

#3. 6125 - 12 STREET S.E . CALGARY. ALBERTA T2H 2K1 TELEPHONE (403) 253-7121. FAX (403) 252-9363 
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jr Laboratories Ltd. 

TOXICITY TEST RESULTS 

PROJECT#: 94044-4 

TEST#: 941955-9 

SAMPLE#: 94565-4 

PROTOCOL: 

REFERENCE: 

CLIENT: 

SAMPLE: 

TEST DATA: 

Chironomus tentans 10 Day Static Acute Lethality Test 

screening test (single concentration) 

Standard Guide for Conducting Sediment Toxicity Tests with Freshwater Invertebrates 

1993. Annual Book of ASTM Standards, vol. 11.04. Water and Environmental 

Technology. E1383-93. 

GOLDER ASSOCIATES, Redmond, Washington 

M94SC-033 

SC-3A 

DATE: 94/11/15 

| INITIATION TERMINATION 

PH COND DO PH COND DO HARD ALKAL 

CONTROL 8.3 446 8.1 8.1 548 7.9 384 228 

M94SC-033 8.6 781 8.0 8.3 671 6.2 432 528 

REPUCATE 

SAMPLE B I y I | D | I E | F SAMPLE A B c I I E | F 

illillll 
CONTROL 20 40 30 20 30 30 28 8 

M94SC-033 20 40 0 20 20 not toxic 

mr̂ W'f>pp: liiii 

CONTROL 0.7 0.5 1.1 0.6 0.5 0.6 0.7 0.2 

M94SC-033 1.8 1.1 1.9 1.6 0.4 not toxic 

COMMENTS: 

NOTE: Differences In mortality end weight between the control and test sediment were determined by a student's t-test at p <0.03 

COND=conducttvtty (uS/cm), DO°diesolved oxygen (mg/U. HARO=hardness (mg/U. ALKAL•"alkalinity (mg/L) 

AVG«average, SD." standard deviation 

The test was Initiated with 10 cltironomids per test vessel. 

One large leech was observed in replicate C of the test sediment at termination. 

STARTED: 

ENDED: 

REPORTED: 

VERIFIED: 

94/12/19 

94/12/29 

95/01/13 

95/01/20 

AT 

AT 

BY 

BY 

1200 

1130 

BY: D. Lintotl 

BY: D. Lintott 

D. Lintott 

K. Kok 

#3. 6125 - 12 STREET S.E.. CALGARY. ALBERTA T2H 2K1 TELEPHONE (403) 253-7121. FAX (4031 252-9363 



PROJECT#: 94044-4 
e \ I—B* 1B 1 nI TEST#: 941955-10 I™) HydroQual 
L MBttS jr J | oKrwatorioc I tri t"~F7 ' 'J La^t^rLtt SAMPLE#: 9456M 

TOXICITY TEST RESULTS 

PROTOCOL: Chironomus tentans 10 Day Static Acute Lethality Test 

screening test (single concentration) 

REFERENCE: Standard Guide for Conducting Sediment Toxicity Tests with Freshwater Invertebrates 

1993. Annual Book of ASTNI Standards, vol. 11.04. Water and Environmental 

Technology. E1383-93. 

CLIENT: 

SAMPLE: 

TEST DATA: 

COMMENTS: 

GOLDER ASSOCIATES, Redmond, Washington 

M94SC-034 

SC-3B 

DATE: 94/11/15 

INITIATION TERMINATION 

pH CONO DO pH COND DO HARD ALKAL 

CONTROL 8.3 446 8.1 8.1 548 7.9 384 228 

M94SC-034 8.6 801 8.1 7.0 751 7.0 424 226 

REPLICATE 

SAMPLE A B C D « F •H 

CONTROL 20 40 30 20 30 30 28 8 

M94SC-034 60 10 20 30 26 not toxic 

COMTROL 

M94SC-034 

0.7 

1.1 

0.5 

1.8 

1.1 

1.6 

0.6 0.5 0.6 0.7 

1.5 

0 3. 

0.3 not toxic 

NOTE: Dlflerenees In mortality and weight between the control and test sediment were determined by a student's West at p <0.05 

COND-conduetMty (uS/cm), DO»dSssoivnd oxygen (mg/lj, HARD=hatdness (mg/L). ALKAloalkallnlty (mg/l) 

AVQweverega, S0»standaid deviation 

The test was Initiated with 10 chlionomlds per test vessel. 

One large leech was observed in replicate A of the test sediment at termination. 

STARTED: 94/12/19 AT 1200 BY: D. Lintott 

ENDED: 94/12/29 AT 1130 BY: D. Lintott 

REPORTED: 95/01/13 BY D. Lintott 

VERIFIED: 95/01/20 BY K. Kok . Ate 

#3. 6125 - 12 STREET S.E.. CALGARY, ALBERTA T2H 2K1 TELEPHONE (403) 253-7121. FAX (403) 252-9363 

p k JU w 



HydroQual 
 ̂ I ahw-vatrtrioc I tH Laboratories Ltd. 

TOXICITY TEST RESULTS 

PROJECT#: 94044-4 

TEST#: 941955-11 

SAMPLE#: 94565-4 

PROTOCOL: 

REFERENCE: 

CLIENT: 

SAMPLE: 

TEST DATA: 

COMMENTS: 

Chironomus tentans 10 Day Static Acute Lethality Test 

screening test (single concentration) 

Standard Guide for Conducting Sediment Toxicity Tests with Freshwater Invertebrates 

1993. Annual Book of ASTM Standards, vol. 11.04. Water and Environmental 

Technology. E1383-93. 

GOLDER ASSOCIATES, Redmond, Washington 

M94SC-035 

SC-3C 

DATE: 94/11/15 

INITIATION TERMINATION 

pH COND DO pH COND DO HARD ALKAL 

CONTROL 8.3 446 8.1 8.1 548 7.9 384 228 

M94SC-035 8.6 801 8.1 8.4 759 7.2 424 336 

REPUCATE 

I SAMPLE A 1 B I c D I E | F 
V.  ̂

ills: 

CONTROL 20 40 30 20 30 30 28 8 

M94SC-035 100 50 20 57 40 not toxic 
s* 

f.Vi' 

CONTROL 0.7 0.5 1.1 0.6 0.5 0.6 0.7 042 

M94SC-035 - 0.7 0.8 0.5 0.4 not toxic 

NOTE: Differences In mortality end weight between the control and test sediment were determined by a student's Meet at p <0.05 

CONO°conductMty (uS/cm), DO°dlssotved oxygen (mg/L), HARD=hardness (mg/U. ALKAl=alkallnlty (mgAJ 

AVGwaverage, SO-standard deviation 

The test was Initiated with 10 ehlronomlds per test vessel. 

Two leeches were observed in replicate B and one small leech in replicate C 

of the test sediment at termination. 

STARTED: 94/12/19 AT: 1200 BY: D. Untott 

ENDED: 94/12/29 AT: 1130 BY: D. Untott 

REPORTED: 95/01/13 BY: D. Untott 

VERIFIED: 95/01/20 BY: K. Kok S ST' m HI 
#3. 6125 - 12 STREET S.E.. CALGARY. ALBERTA T2H 2K1 TELEPHONE (403) 253-7121. FAX (403) 252-9363 
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HycSroOual 
J I ahoratririoc I tH Laboratories Ltd. 

TOXICITY TEST RESULTS 

PROJECT#: 9404^-4 

TEST#: S41955-12 

SAMPLE#: 94565-4 

PROTOCOL: Chironomus tentans 10 Day Static Acute Lethality Test 

screening test (single concentration) 

REFERENCE: Standard Guide for Conducting Sediment Toxicity Tests with Freshwater Invertebrates 

1993. Annual Book of ASTM Standards, vol. 11.04. Water and Environmental 

Technology. E1383-93. 

CLIENT: 

SAMPLE: 

TEST DATA: 

GOLDER ASSOCIATES, Redmond, Washington 

M94SC-036 

SC-3D 

DATE: 94/11/15 

INITIATION TERMINATION 

PH COND DO PH COND DO HARD ALKAL 

CONTROL 8.3 446 8.1 8.1 548 7.9 384 226 

M94SC-036 8.6 780 7.8 8.4 725 7.2 452 296 

REPLICATE 

SAMPLE A B C D E F nil iiiiiii 

CONTROL 20 40 30 20 30 30 28 8 

M94SC-036 10 50 10 23 23 not toxic 

CONTROL 0.7 0.5 1.1 0.6 0.5 0.6 0.7 0.2 

M94SC-036 0.7 1.7 1.1 1.2 0.5 not toxic 

NOTE: Differences in mortality and weight between the control and test sediment were determined by a student s Mest at p <0.05 

COND=conduct)vtty (uS/cm), DO»dtasolved oxygen (mg/LJ, HARD=hardness (mg/L), ALKAl«aIka1inity (mg/L) 

AVGoaverage, SD«standard deviation 

The test was initiated wfth 10 chlronomids per test vessel. 

COMMENTS: 

STARTED: 94/12/19 AT: 1200 BY: D. Lintott 

ENDED: 94/12/29 AT: 1130 BY: D. Lintott 

REPORTED: 95/01/13 BY: D. Lintott • /' 

VERIFIED: 95/01/20 BY: K. Kok 

#3. 6125 - 12 STREET S.E.. CALGARY, ALBERTA T2H 2K1 TELEPHONE (403) 253-7121. FAX (403) 252-9363 



HydroQual 
 ̂ I shwaWbc I +H Laboratories Ltd. 

TOXICITY TEST RESULTS 

PROJECT#: 94044-4 

TEST#: 941955-13 

SAMPLE#: 94565-4 

PROTOCOL: Chironomus tentans 10 Day Static Acute Lethality Test 

screening test (single concentration) 

REFERENCE: Standard Guide for Conducting Sediment Toxicity Tests with Freshwater Invertebrates 

1993. Annual Book of ASTM Standards, vol. 11.04. Water and Environmental 

Technology. E1383-93. 

CLIENT: 

SAMPLE: 

TEST DATA: 

GOLDER ASSOCIATES, Redmond, Washington 

M94SC-040 

SC-2A 

DATE: 94/11/15 

INITIATION TERMINATION 

PH COND DO pH COND DO HARD ALKAL 

CONTROL 8.3 446 8.1 8.1 546 7.9 364 228 

M94SC-O40 8.6 679 7.8 8.6 563 7.0 476 274 

REPLICATE 

i SAMPLE A 1 I B I _cj I D I E | | F mm Ww,\ ft OTX; 

fllllpi 
CONTROL 20 40 30 20 30 30 28 8 

M94SC-040 40 40 i 10 30 17 not toxic 

mad Wis 
CONTROL 0.7 0.5 1.1 0.6 0.5 0.6 0.7 0 3. 

M94SC-O40 1.0 0.5 1.3 0.9 0.4 not toxic 

NOTE: Difference* In mortality and weight between the control and teat aedlment were determined by a student's t-teat at p <0.05 

CONDaconductivity (uSfcm), DO=dtosotved oxygen (mg/U, HARD=hardness (mg/U, ALKAL~alkaDnlty (mg/U 

AVG-average, SDnstandard deviation 

The text wae Initiated with 10 ehlronomlds per teat veeael. 

COMMENTS: 

STARTED: 94/12/19 AT 1200 BY: D. Lintott 

ENDED: 94/12/29 AT 1130 BY: b. Lintott 

REPORTED: 95/01/13 BY D. Untott 
\ , / 

| VERIFIED: 95/01/20 BY K. Kok -6 Xts 

#3, 6125 - 12 STREET S.E.. CALGARY. ALBERTA T2H 2K1 TELEPHONE (403) 253-7121. FAX (403)252-9363 



HydroQua 
^ I ohv^ra+/-»ri^c I tr Laboratories Ltd. 

TOXICITY TEST RESULTS 

PROJECT#: 9404^-4 

TEST#: 941955-14 

SAMPLE#: 94565-4 

PROTOCOL: 

REFERENCE: 

CLIENT: 

SAMPLE: 

TEST DATA: 

Chironomus tentans 10 Day Static Acute Lethality Test 

screening test (single concentration) 

Standard Guide for Conducting Sediment Toxicity Tests with Freshwater Invertebrates 

1993. Annual Book of ASTM Standards, vol. 11.04. Water and Environmental 

Technology. E1383-93. 

GOLDER ASSOCIATES, Redmond, Washington 

M94SC-041 

SC-2B 

DATE: 94/11/15 

COMMENTS: 

INITIATION I TERMINATION 

PH COND DO pH COND DO HARD ALKAL 

CONTROL 8.3 446 8.1 6.1 548 7.9 384 228 

M94SC-041 8.5 695 7.8 8.8 614 7.2 468 282 

REPUCATE 

A I B I C I D | E | F I SAMPLE 

REPUCATE 

A I B I C I D | E | F 
V* 

CONTROL 20 40 30 20 30 30 28 8 

M94SC-041 60 60 20 47 23 not toxic 
WW I 

CONTROL mm 0.5 1.1 0.6 0.5 0.6 0.7 0.2 

M94SC-041 0.4 0.3 1.2 0.6 0.5 not toxic 

NOTE: Differences m morality end weight batmen the control end test sediment were determined by e student s Meet at p <0.05 

GONO»conductMty (uS/em), 0O=dlssolved oxygen (mgAJ. HARD-hardness (mg/L). ALKAL=al*allnlty (mg/U 

AVG-average, SD«etandwd deviation 

•The test was Initiated with 10 ehtronomlds per test vessel. 

One small leech was found in each of replicates A and B of the test sediment at 

termination. 

STARTED: 94/12/19 AT: 1200 BY: D. Lintott 

ENDED: 94/12/29 AT: 1130 BY: D. Lintott 

REPORTED: 95/01/13 BY: D. Lintott 
•  • /  u' . 

VERIFIED: 95/01/20 BY: K. Kok 

V-J? is f fi 

#3. 6125 - 12 STREET S.E.. CALGARY. ALBERTA T2H 2K1 TELEPHONE (403) 253-7121. FAX (403) 252-9363 



PROJECT#: 94044-4 

TEST#: 941956-1 

SAMPLE#: 94565-4 HydroQual 
J I oKnmtorioc I tH 

TOXICITY TEST RESULTS 

PROTOCOL: 

REFERENCE: 

CLIENT: 

SAMPLE: 

TEST DATA: 

Chironomus tentans 10 Day Static Acute Lethality Test 

screening test (single concentration) 

Standard Guide for Conducting Sediment Toxicity Tests with Freshwater Invertebrates 

1993. Annual Book of ASTM Standards, vol. 11.04. Water and Environmental 

Technology. E1383-93. 

GOLDER ASSOCIATES. Redmond, Washington 

M94SC-042 

SC-2C 

DATE: 94/11/15 

INITIATION 1 TERMINATION 

pH COND DO PH COND DO HARD ALKAL 

CONTROL 8.3 507 7.9 8.2 568 7.5 384 228 

M94SC-042 8.4 706 7.7 8.3 656 7.4 360 308 

| REPLICATE 

SAMPLE A B C | D I E | F 

ill! 
CONTROL 0 20 0 20 10 10 10 9 

M94SC-042 40 10 0 17 21 not toxic 

mm*® I 

CONTROL 1.1 1.0 1.0 1.2 0.8 1.0 0.1 

M94SC-042 nr 1.1 1.5 1.2 0.2 not toxic 

NOTE: Dfffer.no. In mortality and -might brfwrmn th. control and twt oedim.nt worn d«.rml.»d by . atud.nfs 1-fe.t at p < 0.05 

COND-conductMty (uS/cm), DO-dh-ohfed oxygon (mg/U, HARD=hard«s. (mg/U. AlKAL-alkallnlty (mg/U 

AVQnamaga. SD=«tandard ttovfetlon 

The twt was Initiated with 10 chlronomids p« twt wxsel. 

COMMENTS: 

STARTED: 94/12/23 AT: 1100 BY: D. Lintott 

ENDED: 95/01/02 AT: 1100 BY: D. Lintott 

REPORTED: 95/01/13 BY: D. Lintott 
b ̂  ts ! 

VERIFIED: 95/01/20 BY: K. Kok 

#3. 6125 - 12 STREET S.E . CALGARY. ALBERTA T2H 2K1 TELEPHONE (403) 253-7121. FAX (403) 252-9363 
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HydroQual 
I <aKrM"o+/'\ri£ie I +H Laboratories Ltd. 

TOXICITY TEST RESULTS 

PROJECT#: 94044-4 

TEST#: 941956-2 

SAMPLE#: 94565-4 

PROTOCOL: Chironomus tentans 10 Day Static Acute Lethality Test 

screening test (single concentration) 

REFERENCE: Standard Guide for Conducting Sediment Toxicity Tests with Freshwater Invertebrates 

1993. Annual Book of ASTM Standards, vol. 11.04. Water and Environmental 

Technology. E1383-93. 

CLIENT: 

SAMPLE: 

TEST DATA: 

GOLDER ASSOCIATES, Redmond, Washington 

M94SC-044 

SC-1A 

DATE: 94/11/15 

I INITIATION I TERMINATION 

pH COND DO pH COND DO HARD ALKAL 

CONTROL 6.3 507 7.9 8.2 568 7.5 384 228 

M94SC-044 8.1 729 7.4 8.3 695 7.5 368 292 

REPLICATE 
i i i I 

1 SAMPLE A I B I C I D J F llflj&ll 
®SSgSSSSJ8S 

CONTROL 20 0 20 10 10 10 9 

M94SC-044 0 20 70 30 36 not toxic 

*
3
3
 

«
 F

X
 

1
! 

sa 
•St 

CONTROL 1.1 1.0 1.0 1.2 0.8 1.0 0.1 

M94SC-044 2.1 1.7 0.8 1.5 0.7 not toxic 

NOTE: Dtfterencesln mortality and weight between the control and test sediment were determined by a student's West at p <0.06 

CONDaconductMty (uS/cm), DO=dissolyed oxygen (mg/U, HARO=hardness (mg/LJ, ALKAL=alkallnity (mg/L) 

AVG-average, 60-standard deviation 

the test was Initiated with 10 chlronomkto per test vessel. 

COMMENTS: 

STARTED: 94/12/23 AT: 1100 BY: D. Lintott 

ENDED: 95/01/02 AT: 1100 BY: D. Lintott 

REPORTED: 95/01/13 BY: 0. Lintott 

VERIFIED: 95/01/20 BY: K. Kok -/}• Ad: 

#3, 6125- 12 STREET S.E.. CALGARY, ALBERTA T2H 2K1 TELEPHONE (403) 253-7121. FAX (403) 252-9363 



HydroQual 
4 I aKrvatorioc I trt Laboratories Ltd. 

TOXICITY TEST RESULTS 

PROJECT#: 94044-4 

TEST#: 941956-3 

SAMPLE#: 94565-4 

PROTOCOL: Chironomus tentans 10 Day Static Acute Lethality Test 

screening test (single concentration) 

REFERENCE: Standard Guide for Conducting Sediment Toxicity Tests with Freshwater Invertebrates 

1993. Annual Book of ASTM Standards, vol. 11.04. Water and Environmental 

Technology. E1383-93. 

CLIENT: 

SAMPLE: 

TEST DATA: 

GOLDER ASSOCIATES, Redmond, Washington 

M94SC-045 

SC-1B 

DATE: 94/11/15 

INITIATION I TERMINATION 

PH COND DO pH COND DO HARD ALKAL 

CONTROL 8.3 507 7.9 8.2 568 7.5 384 228 

M94SC-045 8.4 704 7.8 8.4 684 7.7 440 304 

REPLICATE 

A I B I C I D I E | F I SAMPLE 

REPLICATE 

A I B I C I D I E | F 

CONTROL 0 20 0 20 10 10 10 9 

M94SC-04S 90 10 

1.1 

10 37 46 not toxic 10 

1.1 CONTROL 0.8 

10 

1.1 1.0 1.0 1.2 0.8 1.0 0.1 

M94SC-04S 0.3 1.7 1.5 1.2 0.8 not toxic 

HOTS: DHfeiences In mortality and weight between the control and test sediment were determined by a student's t-test at p <0.05 

COND-conductMty (uS/cm). DO=dffiSotv<xJ oxygen (mgrtj, HARO°hardness (mg/lj. ALKAL=alkaiinlty (mg/l) 

AVQaovemgt, SO«*etandafd deviation 

The teet wee Misted with 10 ehttonomlds pef test veeeeL 

COMMENTS: 

STARTED: 94/12/23 AT: 1100 BY: D. Lintott 

ENDED: 95/01/02 AT: 1100 BY: D. Lintott 

REPORTED: 95/01/13 BY: D. Lintott V j '' 

VERIFIED: 95/01/20 BY: K. Kok 
/ 

#3. 6125 - 12 STREET S.E.. CALGARY. ALBERTA T2H 2K1 TELEPHONE (403) 253-7121. FAX (403) 252-9363 
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Laboratories Ltd. 

TOXICITY TEST RESULTS 

PROJECT#: 94044-4 

TEST#: 941956-4 

SAMPLE#: 94565-4 

PROTOCOL: 

REFERENCE: 

CLIENT: 

SAMPLE: 

TEST DATA: 

COMMENTS: 

Chironomus tentans 10 Day Static Acute Lethality Test 

screening test (single concentration) 

Standard Guide for Conducting Sediment Toxicity Tests with Freshwater Invertebrates 

1993. Annual Book of ASTM Standards, vol. 11.04. Water and Environmental 

Technology. E1383-93. 

GOLDER ASSOCIATES, Redmond, Washington 

M94SC-046 

SC-1C 

DATE: 94/11/15 

INITIATION 1 TERMINATION 

PH COND DO PH COND DO HARD ALKAL 

CONTROL 8.3 507 7.9 8.2 568 7.5 384 228 

M94SC-046 8.2 554 8.9 8.4 477 7.5 428 284 

REPLICATE 

SAMPLE | A | B C I D | E | F | •Hi 

: 

CONTROL 0 20 0 20 10 10 10 9 

M94SC-046 50 0 30 27 25 not toxic 

"~wmM mmrn' 

CONTROL 1.0 1.0 1.2 0.8 1.0 0.1 

M94SC-046 0.7 2.1 1.1 1.3 0.7 not toxic 

NOTE: Differences In mortality and weight between the control and test sediment were determined by a student's Meet at p <0.05 

CONO<= conductivity (uS/cm), DO-dlssolvsd oxygen (mg/U. MARD=hardness (mg/U, ALKAL=alkalinlty (mg/L) 

AVQ«average, SDB8tandafd deviation 

The test was Initiated with 10 chironomids per test vessel. 

One leech was observed at test termination in replicate A of the test sediment. 

A chironomid was visible in it's digestive tract. One large leech was also 

observed in replicate C. 

STARTED: 94/12/23 AT: 1100 BY: D. Lintott 

ENDED: 95/01/02 AT: 1100 BY: D. Lintott 

REPORTED: 95/01/13 BY: D. Lintott 

VERIFIED: 95/01/20 BY: K. Kok 

#3. 6125 - 12 STREET S.E.. CALGARY. ALBERTA T2H 2K1 TELEPHONE (403) 253-7121. FAX (403) 252-9363 



\ HydroQua 
C7 J \ ahrvalrvioc I tr Laboratories Ltd. 

TOXICITY TEST RESULTS 

PROJECT#: 94044-4 

TEST#: 941956-5 

SAMPLE#: 94565-4 

PROTOCOL: 

REFERENCE: 

CLIENT: 

SAMPLE: 

TEST DATA: 

COMMENTS: 

Chironomus tentans 10 Day Static Acute Lethality Test 

screening test (single concentration) 

Standard Guide for Conducting Sediment Toxicity Tests with Freshwater Invertebrates 

1993. Annual Book of ASTM Standards, vol. 11.04. Water and Environmental 

Technology. E1383-93. 

GOLDER ASSOCIATES, Redmond, Washington 

M94SC-051 

SCC-1A 

DATE: 94/11/16 

I INITIATION I TERMINATION 

pH COND DO PH COND DO HARD ALKAL 

CONTROL 8.3 507 7.9 8.2 568 7.5 384 228 

M94SC-051 8.3 642 9.1 8.3 668 7.3 384 248 

REPLICATE 

SAMPLE A I B I cj D | E | | F Mi 
pa—gj 

CONTROL I 0 20 0 20 10 10 10 9 

M94SC-051 I 90 50 100 80 26 significant 

SSfHSjS!•>} f 
, 5 isi 

CONTROL 0.8 1.1 1.0 1.0 1.2 0.6 1.0 0.1 

M94SC-051 0.4 0.8 - 0.6 0.3 not significant 

NOTE: Differences In morality and weight between the control and test sediment were determined by a student s nest at p <0.09 

CONDaconductMty (uS/cm), DO=dissolved oxygen (mgAJ. HAFID=hardness frng/L), ALKAL=alkallnlty (mg/U 

AVQoaverage. SD«* standard deviation 

The test was Initiated with 10 chlronomids per test vessel. 

Two leeches were observed at test termination in replicate A of the test sediment. 

One large leech was also observed in replicate C. 

STARTED: 94/12/23 AT: 1100 BY: D. Untott 

ENDED: 95/01/02 AT: 1100 BY: D. Untott 

REPORTED: 95/01/13 BY: D. Lintott 
7- 7—t 

VERIFIED: 95/01/20 BY: K. Kok •f-

#3. 6125 - 12 STREET S.E.. CALGARY. ALBERTA T2H 2K1 TELEPHONE (403) 253-7121, FAX (403) 252-9363 



HydroQual 
^ I aH/-\ratf\rickC I tH Laboratories Ltd. 

TOXICITY TEST RESULTS 

PROJECT#: 94044-4 

TEST#: 941956-6 

SAMPLE#: 94565-4 

PROTOCOL: Chironomus tentans 10 Day Static Acute Lethality Test 

screening test (single concentration) 

REFERENCE: 

CUENT: 

SAMPLE: 

TEST DATA: 

Standard Guide for Conducting Sediment Toxicity Tests with Freshwater Invertebrates 

1993. Annual Book of ASTM Standards, vol. 11.04. Water and Environmental 

Technology. E1383-93. 

GOLDER ASSOCIATES, Redmond, Washington 

M94SC-052 

SCC-1B 

DATE: 94/11/16 

INITIATION I TERMINATION 

pH COND DO pH COND DO HARD ALKAL 

CONTROL 8.3 507 7.9 8.2 568 7.5 384 228 

M94SC-052 8.0 702 8.8 8.3 526 7.2 504 224 

REPLICATE 
i i 

I SAMPLE A I B I c I D J E | F lisBsslI 
W* 

CONTROL 0 20 0 20 10 10 10 9 

M94SC-052 10 20 30 20 10 not toxic 

f.Vr <Js> k 

CONTROL 1.1 1.0 1.0 1.2 0.8 1.0 0.1 

M94SC-0S2 2.1 2.5 1.1 1.9 0.7 not toxic 

COMMENTS: 

NOTE: Differences In mortality end weight between the control end test sediment were determined by a student', t-testatp <0.05 

COND=conduetMty (u9/em), DO-dissolved oxygen (mg/U, HARD-hardness (mg/L), ALKAL-alkallnity (mg/U 

AVG-average. SD-standard deviation 

The test was Initiated with 10 chironomlds per test vessel. 

One large leech was observed in replicate C of the test sediment at termination. 

STARTED: 94/12/23 AT: 1100 BY: D. Lintott 

ENDED: 95/01/02 AT: 1100 BY: D. Lintott 

REPORTED: 95/01/13 BY: D. Lintott 

VERIFIED: 95/01/20 BY: K. Kok J YiY 

#3, 6125 - 12 STREET S.E., CALGARY, ALBERTA T2H 2K1 TELEPHONE (403) 253-7121. FAX (403) 252-9363 



PROJECT#: 94044-4 
\ Uw^lfeWlii IQI TEST#: 941956-7 HydroQual 

J I ahrvntnrioc I tH 
SAMPLE#: 94565-4 

Laboratories Ltd 

TOXICITY TEST RESULTS 

PROTOCOL: 

REFERENCE: 

CLIENT: 

SAMPLE: 

TEST DATA: 

Chironomus tentans 10 Day Static Acute Lethality Test 

screening test (single concentration) 

Standard Guide for Conducting Sediment Toxicity Tests with Freshwater Invertebrates 

1993. Annual Book of ASTM Standards, vol. 11.04. Water and Environmental 

Technology. E1383-93. 

GOLDER ASSOCIATES, Redmond, Washington 

M94SC-053 

SCC-1C 

DATE: 94/11/16 

INITIATION 1 TERMINATION 

pH COND DO PH COND DO HARD ALKAL 

CONTROL 8.3 507 7.9 8.2 568 7.5 384 228 

M94SC-053 8.2 644 9.0 8.4 565 7.7 364 292 

I SAMPLE 

REPLICATE 

A 1 B 1 C I D 1 E 1 F I SAMPLE 

REPLICATE 

A 1 B 1 C I D 1 E 1 F wbrbbsbbbbi 

* t"1 > i-. 

CONTROL 20 0 20 10 10 10 9 

M94SC-053 ,0 10 10 10 0 not toxic 

mmm mmm I 
CONTROL 0.8 1.1 1.0 1.0 1.2 0.8 1.0 0.1 

M94SC-053 2.3 1.9 2.2 2.1 0.2 not toxic 

NOTE: DHtereneee In mortality and Might between the control and teat sediment were determined by a student s West at p <0.05 

COND-conduelhrtty (uS/cm). DO-dissolved oxygen (mgflj. HARO-hardness (mg/U, ALKAL=alkallnity (mg/U 

AVG=average. SD-standard deviation 

The tasl was Initiated with 10 chlronomlds per test vessel. 

COMMENTS: 

STARTED: 

ENDED: 

REPORTED: 

VERIFIED: 

94/12/23 

95/01/02 

95/01/13 

95/01/20 

AT: 1100 

AT: 1100 

BY: D. Lirrtott 

BY: D. Untott 

BY: D. Lintott 

BY: K. Kok 7 

#3.6125- 12 STREET S.E.. CALGARY. ALBERTA T2H 2K1 TELEPHONE (403) 253-7121, FAX (403) 252-9363 
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HydroQual 
J \ aHrvatnrioc I trl Laboratories Ltd. 

TOXICITY TEST RESULTS 

PROJECT#: 94044-4 

TEST#: 941956-8 

SAMPLE#: 94565-4 

PROTOCOL: 

REFERENCE: 

CLIENT: 

SAMPLE: 

TEST DATA: 

Chironomus tentans 10 Day Static Acute Lethality Test 

screening test (single concentration) 

Standard Guide for Conducting Sediment Toxicity Tests with Freshwater Invertebrates 

1993. Annual Book of ASTM Standards, vol. 11.04. Water and Environmental 

Technology. E1383-93. 

GOLDER ASSOCIATES, Redmond, Washington 

M94SC-054 

SCC-1D 

DATE: 94/11/16 

INITIATION 1 TERMINATION 

PH COND DO PH COND DO HARD ALKAL 

CONTROL 6.3 507 7.9 8.2 568 7.5 384 228 

M94SC-054 8.3 737 9.0 8.4 697 7.6 408 232 

1 REPLICATE 

SAMPLE A | B C I D I E | F 

CONTROL 0 20 0 20 10 10 10 9 

MadSC-054 20 90 0 37 47 not toxic 

ft 
$4

 

llillllf I 
CONTROL 1.1 1.0 1.0 1.2 0.8 1.0 0.1 

M94SC-054 1-8 0.3 1.3 1.1 0.7 not toxic 

COMMENTS: 

NOTE: Differences In mortality and weight betvwren the control and test red,men. were determined by a student's West at p <0.05 

COND-conduethrtty (uS/em), OO-dissolved orrygen <mg/U. HABD-hardrws. (mg/U. ALKAL-alkelinity |mg/l) 

AVQaaverage, SOostandard deviation 

The test was Initiated with to chironomlds per test vessel. 

Two leeches were observed in replicate B of the test sediment at termination. 

STARTED: 94/12/23 AT: 1100 BY: D. Lintott 

ENDED: 95/01/02 AT: 1100 BY: D. Lintott 

REPORTED: 95/01/13 BY: D. Lintott 77^"—T7~l 
VERIFIED: 95/01/20 BY: K. Kok 

#3. 6125 - 12 STREET S.E.. CALGARY. ALBERTA T2H 2K1 TELEPHONE (403) 253-7121. FA>?(403) 252-9363 



PROJECT#: 94044-4 

/ \ llI iOl TEST#: 941956-9 

SAMPLE#: 94565-4 flrii HydroQual 
t Bssesss a> J | aKoratnriPQ 1 trl £ •/ Laboratories Ltd 

TOXICITY TEST RESULTS 

PROTOCOL: 

REFERENCE: 

CLIENT: 

SAMPLE: 

TEST DATA: 

Chironomus tentans 10 Day Static Acute Lethality Test 

screening test (single concentration) 

Standard Guide tor Conducting Sediment Toxicity Tests with Freshwater Invertebrates 

1993. Annual Book ot ASTM Standards, vol. 11.04. Water and Environmental 

Technology. E1383-93. 

GOLDER ASSOCIATES, Redmond, Washington 

M94SC-057 

SCC-2A 

DATE: 94/11/16 

INITIATION TERMINATION 

pH COND DO PH COND DO HARD ALKAL 

CONTROL 8.3 507 7.9 8.2 568 7.5 384 228 

M94SC-057 8.0 630 8.6 8.2 533 7.3 348 228 

REPLICATE 

SAMPLE I A | B C I D I E | F 

CONTROL I 0 20 0 20 10 10 10 9 

M94SC-0S7 I 10 0 20 10 10 not toxic 

CONTROL | 0.8 1.1 1.0 1.0 1.2 0.8 1.0 0.1 

M94SC-057 I 1.8 1.5 1.4 1.5 0.2 not toxic 

COND-conductMtsr (uS/em), DO-dtaolwd oxygen (ntfl/l). HARO=h«dness (ngA). AlKAL-alKallnity (mg/U 

AVG ^average, SD«*fltendard deviation 

The test was Initiated with 10 chiionomlds per test vessel. 

COMMENTS: 

STARTED: 94/12/23 AT: 1100 BY: D. Lintott 

ENDED: 95/01/02 AT: 1100 BY: D. Lintott 

REPORTED: 95/01/13 BY: D. Lintott i  /  i .  . 

VERIFIED: 95/01/20 BY: K. Kok -f) 

#3, 6125- 12 STREET S.E.. CALGARY ALBERTA T2H 2K1 TELEPHONE (403) 253-7121, FAX (403) 252-9363 



HydroQua 
J 1 ahrvntnripft I tf Laboratories Ltd. 

TOXICITY TEST RESULTS 

PROJECT#: 94044-4 

TEST#: 941956-10 

SAMPLE#: 94565-4 

PROTOCOL: 

REFERENCE: 

CLIENT: 

SAMPLE: 

TEST DATA: 

Chironomus tentans 10 Day Static Acute Lethality Test 

screening test (single concentration) 

Standard Guide for Conducting Sediment Toxicity Tests with Freshwater Invertebrates 

1993. Annual Book of ASTM Standards, vol. 11.04. Water and Environmental 

Technology. E1383-93. 

GOLDER ASSOCIATES, Redmond, Washington 

M94SC-058 

SCC-2B 

DATE: 94/11/16 

INITIATION I TERMINATION 

PH COND DO PH COND DO HARD ALKAL 

CONTROL 8.3 507 7.9 8.2 568 7.5 384 228 

M94SC-058 8.1 565 8.9 8.3 523 7.5 388 292 

I SAMPLE 

REPLICATE 

A I R I C I D I E I F I SAMPLE 

REPLICATE 

A I R I C I D I E I F 

r 
A f  /  •  \  

0 20 
1 

10 10 10 9 
CONTROL 0 I 20 ' 0 20 

1 
10 10 10 9 

M94SC-058 10 I 0 0 3 6 not toxic 

Sis •w 

1.0 1.0 1.2 0.8 1.0 0.1 
CONTROL 0.8 1.1 1.0 1.0 1.2 0.8 1.0 0.1 

M94SC-058 2.0 1.7 1.3 1.7 0.3 not toxic 

> determined by a student's t-test at p <0.05 
NQTH: Differences in mortality and weight between the control and test sediment were c 

CONO-conducthrtty (uSfem). DO-dlssohmd oxygen (mg/U. HARD-hardness (mg/U, ALKAL-alKainlty (mg/U 

AVOBiwn9t< S0«standafd deviation 

The test was initiated with 10 ehlronomids per test eessel. 

COMMENTS: 

STARTED: 94/12/23 AT 1100 BY: D. Lintott 

ENDED: 95/01/02 AT 1100 BY: D. Lintott 

REPORTED: 95/01/13 BY D. Lintott 

VERIFIED: 95/01/20 BY K. Kok 

#3. 6125 - 12 STREET S.E., CALGARY, ALBERTA T2H 2K1 TELEPHONE (403) 253-7121. FAX (403) 252-9363 



PROJECT#: 94044-4 

TEST#: 941956-n 
I I M l  IB I SAMPLE#: 94565-4 

Laboratories Ltd. 
HydroQual 

J I ahwotrtrioc I tH 

TOXICITY TEST RESULTS 

PROTOCOL: 

REFERENCE: 

CUENT: 

SAMPLE: 

TEST DATA: 

Chironomus tentans 10 Day Static Acute Lethality Test 

screening test (single concentration) 

Standard Guide for Conducting Sediment Toxicity Teats with Freshwater Invertebrates 

1993. Annual Book of ASTM Standards, vol. 11.04. Water and Environmental 

Technology. E1383-93. 

GOLDER ASSOCIATES, Redmond, Washington 

M94SC-059 

SCC-2C 

DATE: 94/11/16 

INITIATION TERMINATION 

pH COND DO P» COND DO HARD ALKAL 

CONTROL 8.3 507 7.9 8.2 568 7.5 384 228 

M94SC-059 8.0 721 8.6 8.2 742 6.5 ND ND 

REPLICATE 

10 

20 10 10 10 

13 not toxic 

v̂ 'vyL;v 

1.0 1.0 1.2 0.8 1.0 0.1 
CONTROL 1 0.8 14 j 1.0 1.0 1.2 0.8 1.0 0.1 

M94SC-059 1 1.9 1.1 1.1 
• 1.4 0.5 not toxic 

CONOiconductMly (uS/cfn). DO-dmsofved thtysen (ntgAJ, HARO-hardnea. ALKAl-eikalinlty (mgW 

AVGssvonQtt SD«standard deviation 

The t»»fv«B>titW«t»dwtth 10 chfronomlda per test vessel. 

COMMENTS: 

STARTED: 94/12/23 AT: 1100 BY: D. Lintott 

ENDED: 95/01/02 AT: 1100 BY: D. Lintott 

REPORTED: 95/01/13 BY: D. Lintott 
)/ 1 

VERIFIED: 95/01/20 BY: K. Kok ••A 5^/ 

#3. 6125 - 12 STREET S.E.. CALGARY, ALBERTA T2H 2K1 TELEPHONE (403) 253-7121. FAX (403)'252-936: 



TOXICITY TEST RESULTS 

PROTOCOL: 

REFERENCE: 

CLIENT: 

SAMPLE: 

TEST DATA: 

Chironomus tentans 10 Day Static Acute Lethality Test 

screening test (single concentration) 

Standard Guide tor Conducting Sediment Toxicity Teats with Freshwater Invertebrates 

1993. Annual Book of ASTM Standards, vol. 11.04. Water and Envtronmen a 

Technology. E1383-93. 

GOLDER ASSOCIATES, Redmond, Washington 

M94SC-065 

SCC-3A 

DATE: 94/11/16 

INITIATION TERMINATION 

pH COND DO pH COND DO HARD ALKAL 

CONTROL 8.3 507 7.9 8.2 568 7.5 384 228 

M94SC-065 8.1 567 8.5 8.3 566 6.9 300 352 

NOTE: Difference* In mortality and weight between the t 

CONO-conducdvny (uSWn). OO-dtoolv- oxygen H». HARD-htndnees (ntg/U, ALKAL-alKallnity (mg/L. 

AVQ-avemge, SD-etendard deviation 

The test wa* Initiated with 10 eWtonomld* per test vessel. 

COMMENTS: 

STARTED: 94/12/23 AT: 1100 BY: D. Lintott 

ENDED: 95/01/02 AT: 1100 BY: D. Lintott 

RFPHRTED: 95/01/13 BY: D. Lintott 
77 77 7 

VERIFIED: 95/01(20 BY: K. Kok 

#3. 6125 - 12 STREET S.E.. CALGARY. ALBERTA T2H 2K1 TELEPHONE (403) 253-7121. FAX (403) 252-9363 



:l~~i HydroQual 
I ww m J I ahrratnries I tft Laboratories Ltd 

TOXICITY TEST RESULTS 

PROJECT#: 94044-4 

TEST#: 941956-13 

SAMPLE#: 94565-4 

PROTOCOL: 

REFERENCE: 

CLIENT: 

SAMPLE: 

TEST DATA: 

Chironomustentans 10 Day Static Acute Lethality Test 

screening test (single concentration) 

Standard Gutda for Conducing Sediment Toxica Teats with Freshwater Invertebrates 

1993. Annual Book of ASTM Standards, vol. 11.04. Water and Environmental 

Technology. E1383-93. 

GOLDER ASSOCIATES, Redmond, Washington 

M94SC-066 

SCC-3B 

DATE: 94/11/16 

INITIATION TERMINATION 

PH COND DO pH COND DO HARD ALKAL 

CONTROL 8.3 507 7.9 8.2 568 7.5 384 228 

M94SC-066 8.3 640 9.0 8.3 536 7.2 320 248 

CONTROL 0.8 1.1 1.0 1.0 1.2 0.8 1.0 0.1 

M94SC-066 1.9 1.8 , 
1.9 0.2 not toxic 

CONO»conductMty (uS/em). DO-diasolv^ oxygen (mB/U, HARD-hardness (mgAJ. ALKAL«ftlkalinity MU 

AVQoaverage. S0«8tandwd deviation 

The test was initiated wfth 10 ehitonomide per test eessel. 

COMMENTS: 

STARTED: 94/12/23 AT: 1100 BY: D. Lintott 

ENDED: 95/01/02 AT: 1100 BY: D. Lintott 

REPORTED: 95/01/13 BY: D. Lintott 
A/ // /' 

VERIFIED: 95/01/20 BY: K. Kok 

#3. 6125 - 12 STREET S.E.. CALGARY. ALBERTA T2H 2K1 TELEPHONE (403) 253-7121. FAX (403) 252-9363 



HydroQual 
J I flKnratnriPC I tH 

PROJECT#: 94044-4 

TEST#: 941956-14 

issiriaasaaK £ I I y B SAMPLE#: 94565-4 
V •>«** 4- ' Laboratories Ltd. ISBe >8' 

TOXICITY TEST RESULTS 

PROTOCOL: 

REFERENCE: 

CLIENT: 

SAMPLE: 

TEST DATA: 

Chironomus tentans 10 Day Static Acute Lethality Test 

screening test (single concentration) 

Standard Guide for Conducting Sediment Toxicity Testa with Freshwater Invenebrates 

1993. Annual Book of ASTM Standards, vol. 1104. Water and Environmental 

Technology. E1383-93. 

GOLDER ASSOCIATES, Redmond, Washington 

M94SC-067 

SCC-3C 

DATE: 94/11/16 

INITIATION TERMINATION 

pH COND DO pH COND DO HARD ALKAL 

CONTROL 8.3 507 7.9 8.2 568 7.5 384 228 

M94SC-067 8.3 717 9.2 8.4 710 7.4 272 272 

RFPLICATE 

SAMPLE A I B C I D I E | F 
_ J ......i 

CONTROL 0 20 0 20 10 10 10 9 
— 

U«1SC4K7 0 10 10 7 6 not toxic 

CONTROL I 0.8 1.1 1.0 1.0 1.2 0.8 1.0 0.1 

M94SC-067 I 2.7 1.7 2.4 2.2 0.5 not toxic 

NOTE: Differences in mortality and wei9ht txrtween the control and test sediment were oetermmeo u, . — 

COND=conducttvtty (uS/cm). DO=dlaaofved oxygen (mg/U. HATO=hardness (mgflj. ALKAL-alkalinity (mg/U 

AVG»average, SD=standard deviation 

The last was initiated with 10 chlronomlds per teat vessel. 

COMMENTS: 

STARTED: 94/12/23 AT: 1100 BY: D. Lintott 

ENDED: 95/01/02 AT: 1100 BY: D. Lintott 

REPORTED: 95/01/13 BY: D. Lintott 
77—77^7 

VERIFIED: 95/01/20 BY: K. Kok 

#3. 6125 - 12 STREET S.E.. CALGARY. ALBERTA T2H 2K1 TELEPHONE (403) 253-7121. FAX (403) 252-9363 



i HydroQua 
£f J I ahwvatorieR I tr 

PROJECT#: 94044-4 

TEST#: 941S52-2 

Laboratories Ltd. SAMPLE#: 94565-1 

TOXICITY TEST RESULTS 

PROTOCOL: 

REFERENCE: 

CLIENT: 

SAMPLE: 

TEST DATA: 

Chironomus tentans 10 Day Static Acute Lethality Test 

screening test (single concentration) 

Standard Guide for Conducting Sediment Toxicity Tests with Freshwater Invertebrates 

1993. Annual Book of ASTM Standards, vol. 11.04. Water and Environmental 

Technology. E1383-93. 

GOLDER ASSOCIATES, Redmond, Washington 

M94AR-002 

ARC2 

DATE: 94/11/07 

I INITIATION I TERMINATION 

pH COND DO PH COND DO HARD ALKAL 

CONTROL 8.2 525 7.3 8.5 605 7.5 262 172 

M94AR-002 8.3 540 72 8.5 627 7.7 266 222 

REPLICATE 

I SAMPLE A I I B I 1 c 1 1 D 1 E 1 F iHH Mi 

CONTROL 20 30 40 30 40 10 28 12 

M94AR-002 0 20 0 7 12 not toxic 

<-

•v, 

CONTROL 0.8 1.7 1.0 0.6 0.7 1.1 1.0 0.4 

M94AR-OQ2 2.2 2.6 1.7 22 0.4 not toxic 

NOTE: Differences In mortality and weight between the control end feet eedlment were determined by a student s t-teet at p <0.05. 

COND-conduclhrtty (uS/cm), DO-dtotoNed oxygen (mg/U. HARD-hardness (mg/U. ALKAL-alkellnlty (mg/L) 

AVG oaverage, SD»standart deviation 

The test was initiated with lOeMronomlds per test vessel. 

COMMENTS: 

STARTED: 94/11/25 AT 1600 BY: D. Lintott 

ENDED: 94/12/05 AT 1000 BY: D. Lintott 

REPORTED: 95/01/09 BY D. Lintott /,/ I 
| VERIFIED: 95/01/19 BY K. Kok 

#3. 6125 - 12 STREET S.E.. CALGARY. ALBERTA T2H 2K1 TELEPHONE (403) 253-7121. FAX (403) 252-9363 



HydroQua 
^ I aKnrat/^rioc I if Laboratories Ltd. 

TOXICITY TEST RESULTS 

PROJECT#: 94044-4 

TEST#: 941952-3 

SAMPLE#: 94565-1 

PROTOCOL: 

REFERENCE: 

CLIENT: 

SAMPLE: 

TEST DATA: 

Chironomus tentans 10 Day Static Acute Lethality Test 

screening test (single concentration) 

Standard Guide for Conducting Sediment Toxicity Tests with Freshwater Invertebrates 

1993. Annual Book of ASTM Standards, vol. 11.04. Water and Environmental 

Technology. E1383-93. 

GOLDER ASSOCIATES, Redmond, Washington 

M94AR-003 

ARC3 

DATE: 94/11/07 

I INITIATION I TERMINATION 

pH COND DO PH COND DO HARD ALKAL 

CONTROL 82 525 7.3 8.5 605 7.5 262 172 

M94AR-O03 8.3 523 7.0 8.5 630 7.2 290 250 

REPLICATE 

I SAMPLE A I I B I I c J i D I E I F lis mmmmSkmm 

1- & 

CONTROL 20 30 40 30 40 10 28 12 

M94AR-003 30 0 40 23 21 not toxic 

*18 
CONTROL 1.7 1.0 0.6 0.7 1.1 1.0 0.4 

M94AR-O03 28 22 2.9 2.6 0.4 not toxic 

NOTE: Differences In mortality end weight between the control and test sediment wete determined by a students t-test at p <0.05. 

CONDwconducbvtty (uS/cm), DO=dlssot»ed oxygen (mg/l), HARD ^hardness (mg/L), ALKAL=alkallnlty (mg/l) 

AVQaevenge. SD-standard deviation 

The test wee Initiated with 10 cMronomlds per test vessel. 

COMMENTS: 

STARTED: 94/11/25 AT: 1600 BY: D. Untott 

ENDED: 94/12/05 AT: 1000 BY: D. Untott 

REPORTED: 95/01/09 BY: D. Untott , , . 
VERIFIED: 95/01/19 BY: K. Kok it. tu. 

#3. 6125 - 12 STREET S.E.. CALGARY. ALBERTA T2H 2K1 TELEPHONE (403) 253-7121. FAX (403) 252-9363 



HydroQual 
^ I aKrratnrioc I trl Laboratories Ltd. 

TOXICITY TEST RESULTS 

PROJECT#: 94044-4 

TEST#: 941952-4 

SAMPLE#: 94565-1 

PROTOCOL: 

REFERENCE: 

CLIENT: 

SAMPLE: 

TEST DATA: 

Chironomus tentans 10 Day Static Acute Lethality Test 

screening test (single concentration) 

Standard Guide for Conducting Sediment Toxicity Tests with Freshwater Invertebrates 

1993. Annual Book of ASTM Standards, vol. 11.04. Water and Environmental 

Technology. E1383-93. 

GOLDER ASSOCIATES, Redmond, Washington 

M94AR-006 

ARC4 

DATE: 94/11/07 

INITIATION 1 TERMINATION 

PH COND DO PH COND DO HARD ALKAL 

CONTROL 8.2 525 7.3 8.5 605 7.5 262 172 

M94AR-006 8.2 537 7.2 8.4 679 7.2 320 244 

REPLICATE 

I SAMPLE A 1 1 B 1 I C I D I I E I | F 
•T.  ̂

CONTROL 20 30 40 30 40 10 28 12 

M94AR-O06 0 0 10 3 6 not toxic 

CONTROL 1.7 1.0 0.6 0.7 1.1 1.0 0.4 

M94AR-O06 2.0 2.2 2.2 23. 0.1 not toxic 

NOTE: Differences In mortality and weight between die control and test sediment were determined by a student's t-test at p <0.05. 

COND-conduetMty (uSfem), DOodlssotved oxygen (mg/L), HARO-hardness (reg/l), ALKAL-elkallnlty (mg/L) 

AVQoaverege. 8D»standard deviation 

The test was Inltiatad with 10 chlronomlds per test vessel. 

COMMENTS: 

STARTED: 94/11/25 AT: 1600 BY: D. Lintott 

ENDED: 94/12/05 AT: 1000 BY: D. Lintott 

REPORTED: 95/01/09 BY: D. Lintott 

\ VERIFIED: 95/01/19 BY: K. Kok 

#3, 6125 - 12 STREET S.E.. CALGARY, ALBERTA T2H 2K1 TELEPHONE (403) 253-7121. FAX (403) 252-9363 
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HydroQual 
•" I oKnratr*rî e I +H Laboratories Ltd 

TOXICITY TEST RESULTS 

PROJECT#: 94044-4 

TEST#: 941952-5 

SAMPLE#: 94565-1 

PROTOCOL: 

REFERENCE: 

CLIENT: 

SAMPLE: 

Chironomus tentans 10 Day Static Acute Lethality Test 

screening test (single concentration) 

Standard Guide for Conducting Sediment Toxicity Tests with Freshwater Invertebrates 

1993. Annual Book of ASTM Standards, vol. 11.04. Water and Environmental 

Technology. E1383-93. 

GOLDER ASSOCIATES, Redmond, Washington 

M94AR-007 

ARC5 

DATE: 94/11/08 

INITIATION TERMINATION 

\ 
\ 

PH COND DO PH COND DO HARD ALKAL \ 
\ 

CONTROL 82 525 7.3 8.5 805 7.5 262 172 

\ M94AR-007 8.3 528 7.3 8.5 610 7.3 266 232 

1V.J9. < 

CONTROL 20 30 40 30 40 10 28 12 

M94AR-007 0 20 10 10 10 not toxic 

B Hi 
CONTROL 0.8 rT 7 1.0 0.6 0.7 1.1 1.0 0.4 

M94AR-O07 2.5 2.6 2.8 2.6 0.1 not toxic 

NOTE; Differences in mortality and weight between the control and test sediment were determined by e student's West at p <0.05. 

COND "conductivity (uS/cm), DO"di»olved oxygen (mgAJ, HARD-hardness (mg/L), AlKAL*alkalinity (mg/l) 

AVQ "average, SD»standard deviation 

The test was initiated with 10 chironomlda per test vessel. 

COMMENTS: 

STARTED: 94/11/25 AT: 1600 BY: D. Untott 

ENDED: 94/12/05 AT: 1000 BY: D. Untott 

REPORTED: 95/01/05 BY: D. Untott b< i 

VERIFIED: 95/01/19 BY: K. Kok fa fa&t 

#3. 6125 - 12 STREET S.E.. CALGARY. ALBERTA T2H 2K1 TELEPHONE (403) 253-7121. FAX (403) 252-9363 
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#; ri HydroQual 
M J I aKrira+rvrioc I tH Laboratories Ltd 

TOXICITY TEST RESULTS 

PROJECT#: 94044-4 

TEST#: 941952-6 

SAMPLE#: 94565-1 

PROTOCOL- Chironomus tentans 10 Day Static Acute Lethality Test 

screening test (single concentration) 

REFERENCE: Standard Guide for Conducting Sediment Toxicity Tests with Freshwater Invertebrates 

1993. Annual Book of ASTM Standards, vol. 11.04. Water and Environmental 

Technology. E1383-93. 

CLIENT: 

SAMPLE: 

TEST DATA: 

GOLDER ASSOCIATES, Redmond, Washington 

M94AR-009 

ARC6 

DATE: 94/11/08 

1 INITIATION TERMINATION 

PH COND DO PH COND DO HARD ALKAL 

CONTROL 8.2 525 7.3 8.5 605 7.5 262 172 

M94AR-009 6.2 540 7.2 8.1 598 6.7 280 232 

REPLICATE 

I SAMPLE A 1 I B I I c I D B | | F Mil 1 Hi 
S 

•>> ii§§il 
CONTROL 20 30 40 30 40 10 28 12 

M94AR-009 10 10 0 7 6 not toxic 

> > •<• 

CONTROL 0.8 1.7 1.0 0.6 0.7 1.1 1.0 0.4 

M94AR-009 2.2 Z1 1.9 2.1 0.1 not toxic 

NOTE: OWfamncas In mortality and weight between the control and teat sediment were determined by a student's t-test at p <0.6. 

COND-eonductMty (uS/cm), DO-drasoivod oxygen (mg/L). HABD-hardneaa (mg/L), ALKAL-alkalinlty (mg/L) 

AVQtsavemge, SDwstandaid deviation 

The test was Initialed with 10 cHronomlda per test vessel. 

COMMENTS: 

STARTED: 94/11/25 AT: 1600 BY: D. Lintott 

ENDED: 94/12/05 AT: 1000 BY: D. Lintott 

REPORTED: 95/01/09 BY: D. Lintott y 

VERIFIED: 95/01/19 BY: K. Kok 

#3, 6125 - 12 STREET S.E.. CALGARY, ALBERTA T2H 2K1 TELEPHONE (403) 253-7121. FAX (403) 252-9363 



HydroQua 
J  I nKnm+rvrioc I i f  Laboratories Ltd 

TOXICITY TEST RESULTS 

PROJECT#: 94044-4 

TEST#: 941952-7 

SAMPLE#: 94565-1 

PROTOCOL: 

REFERENCE: 

CLIENT: 

SAMPLE: 

TEST DATA: 

Chironomus tentans 10 Day Static Acute Lethality Test 

screening test (single concentration) 

Standard Guide for Conducting Sediment Toxicity Tests with Freshwater Invertebrates 

1993. Annual Book of ASTM Standards, vol. 11.04. Water and Environmental 

Technology. E1383-93. 

GOLDER ASSOCIATES, Redmond, Washington 

M94AR-014 

ARC7 

DATE: 94/11/08 

I INITIATION J TERMINATION 

PH COND DO PH COND DO HARD ALKAL 

CONTROL 8 3. 525 7.3 8.5 605 7.5 262 172 

M94AR-014 8.3 537 7.2 8.4 706 7.3 348 268 

REPUCATE 

SAMPLE 

a—a 
A I I B I I c I I D E I F iMii •IH SAMPLE 

a—a 'T'' i 

CONTROL 20 30 40 30 40 10 28 12 

M94AR-014 20 0 0 7 12 not toxic 

rnmmmmzsm. 

CONTROL 1.7 1.0 0.6 0.7 ! 1.1 1.0 0.4 

M94AR-014 2.3 2.4 2.5 2.4 0.1 not toxic 

NOTE: Omerences In mortality and weight between the control and test sediment were determined by a student's t-test at p <0.5. 

COND"conductivity (uS/cm), DO«dlssolved oxygen (mg/L), HARD=hardness (mg/l), ALKAL«>ell<aJlnlty (mg/U 

AVG-average, substandard deviation 

The test was mutated with 10 cMronomlds per test vessel. 

COMMENTS: 

STARTED: 94/11/25 AT 1600 BY: D. Lintott 

ENDED: 94/12/05 AT 1000 BY: D. Lintott 

REPORTED: 95/01/09 BY D. Lintott 
—r-Z-i 

VERIFIED: 95/01/19 BY K. Kok •Kd>. 

#3. 6125 - 12 STREET S.E.. CALGARY. ALBERTA T2H 2K1 TELEPHONE (403) 253-7121. FAX (403) 252-93I 



PROJECT#: 94044-4 

TEST#: 941952-8 

I I V^fi UV^UUl SAMPLE#: 94565-1 
/ * Laboratories Ltd. 

iff 

HydroQual 
J I aKr»ratr*rioc ! trt 

TOXICITY TEST RESULTS 

PROTOCOL: Chironomus tentans 10 Day Static Acute Lethality Test 

screening test (single concentration) 

REFERENCE: Standard Guide for Conducting Sediment Toxicity Tests with Freshwater Invertebrates 

1993. Annual Book of ASTM Standards, vol. 11.04. Water and Environmental 

Technology. E1383-93. 

CLIENT: 

SAMPLE: 

TEST DATA: 

GOLDER ASSOCIATES, Redmond, Washington 

M94AR-016 

ARC8 

DATE: 94/11/08 

INITIATION TERMINATION 

pH COND DO pH COND DO HARD ALKAL 

CONTROL 8.2 525 7.3 8.5 605 7.5 262 172 

M94AR-016 8.2 534 7.2 8.4 606 7.3 264 232 

NOTE: OWerencaa In mortality and weight between the control and test sediment were determined by a student s t-test at p <0.5. 

CONDoconductMty (uS/cm), 0O»dlssotved oxygen (mg/ll, HAHD=herdness (mg/U. ALKAL»alkallnity (mg/L) 

AVG=avorage, SO»etandard deviation 

The test wee Initiated with 10 cMfonomlde per test vessel. 

COMMENTS: 

STARTED: 94/11/25 AT 1600 BY: D. Lintott 

ENDED: 94/12/05 AT 1000 BY: D. Lintott 

REPORTED: 95/01/09 BY D. Lintott 

VERIFIED: 95/01/19 BY K. Kok £ 

#3, 6125 - 12 STREET S.E.. CALGARY. ALBERTA T2H 2K1 TELEPHONE (403) 253-7121. FAX (403) 252-9363 
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HydroQual 

I ohwv"Qtf\r»oc I trt Laboratories Ltd. 

TOXICITY TEST RESULTS 

PROJECT#: 94044-4 

TEST#: 941952-9 

SAMPLE#: 94565-1 

PROTOCOL-

REFERENCE: 

CLIENT: 

SAMPLE: 

TEST DATA: 

Chironomus tentans 10 Day Static Acute Lethality Test 

screening test (single concentration) 

Standard Guide for Conducting Sediment Toxicity Tests with Freshwater Invertebrates 

1993. Annual Book of ASTM Standards, vol. 11.04. Water and Environmental 

Technology. E1383-93. 

GOLDER ASSOCIATES, Redmond, Washington 

M94AR-015 

ARC9 

DATE: 94/11/08 

INITIATION TERMINATION 

PH CONO DO PH CONO DO HARD ALKAL 

CONTROL 8.2 525 7.3 8.5 605 7.5 262 172 

M94AR-015 8.3 539 7.2 8.4 711 7.1 336 248 

REPLICATE 

SAMPLE A B c D * F 

CONTROL 20 30 40 30 40 10 28 12 

M94AR-015 0 20 0 7 12 not toxic 

CONTROL 0.8 1.7 1.0 0.6 0.7 1.1 1.0 0.4 

M94AR-015 2.4 2.9 2.4 2.6 0.3 not toxic 

NOTE: Differences In mortality end weight between the control and test sediment wets determined by a student s t-test at p <0.5. 

COND=conductivity (uS/cm), DOedlssohred oxygen (mg/L). HARD=hardness (mg/L), ALKAL=alkallnlty (mg/l) 

AVQeaverage. SDostandard deviation 

The test was Initiated with 10 ehlronomlds per test vessel. 

COMMENTS: 

STARTED: 94/11/25 AT: 1600 BY: D. Untott 

ENDED: 94/12/05 AT: 1000 BY: D. Untott 

REPORTED: 95/01/09 BY: D. Untott • /  )j, 
VERIFIED: 95/01/19 BY: K. Kok // /it 

#3. 6125 - 12 STREET S.E., CALGARY, ALBERTA T2H 2K1 TELEPHONE (403) 253-7121, FAX (403) 252-9363 



HydroQual 
J I ahnratnriefi I trl Laboratories Ltd. 

TOXICITY TEST RESULTS 

PROJECT#: 94044-4 

TEST#: 941954-1 

SAMPLE#: 94565-2 

PROTOCOL: Chironomus tentans 10 Day Static Acute Lethality Test 

screening test (single concentration) 

REFERENCE: Standard Guide for Conducting Sediment Toxicity Tests with Freshwater Invertebrates 

1993. Annual Book of ASTM Standards, vol. 11.04. Water and Environmental 

Technology. E1383-93. 

CLIENT: 

SAMPLE: 

TEST DATA: 

GOLDER ASSOCIATES, Redmond, Washington 

M94AR-017 

ARS1 

DATE: 94/11/09 

I INITIATION I TERMINATION 

pH CONO DO pH COND DO HARD ALKAL 

CONTROL 8.5 464 8.2 8.2 530 6.4 178 200 

M94AR-017 8.4 521 8.1 8.5 741 7.6 350 288 

r REPUCATE 

I SAMPLE A I I B I I c I I dJ E | F 

I IS." ^ > 

CONTROL 10 0 0 0 20 0 5 8 

M94AR-017 10 0 0 3 6 not toxic 

A m 

CONTROL 1.0 0.8 1.6 0.8 0.9 1.2 1.0 0.3 

M94AR-017 1.9 2.2 1.8 2.0 0.2 not toxic 

NOTE: Differences In mortality and weight between the control and test sediment were determined by a student's t-test at p <0.5. 

COND-conducttvtty (uS/cm), DO=dlssotved oxygen (mg/L), HARD=hardness fmg/L), ALKAL=alkallnlty |mg/U 

AVG "average, SO-standard deviation 

The last was Initiated wl!h to chlronomlds per test vessel 

COMMENTS: 

STARTED: 94/12/02 AT: 1200 BY: D. Lintott 

ENDED: 94/12/12 AT: 1000 BY: D. Lintott 

REPORTED: 95/01/11 BY: D. Lintott re • / 

| VERIFIED: 95/01/19 BY: K. Kok 

#3. 6125 - 12 STREET S.E.. CALGARY. ALBERTA T2H 2K1 TELEPHONE (403) 253-7121. FAX (403) 252-9363 



PROJECT#: 94044-4 

TEST#: 941954-2 

ssactssttEi 1 B y B " SAMPLE#: 94565-2 
Laboratories Ltd. 

HydroQual 
J I ahrratnrioc I trl 

TOXICITY TEST RESULTS 

PROTOCOL: 

REFERENCE: 

CUENT: 

SAMPLE: 

TEST DATA: 

Chironomus tentans 10 Day Static Acute Lethality Test 

screening test (single concentration) 

Standard Guide for Conducting Sediment Toxicity Tests with Freshwater Invertebrates 

1993. Annual Book of ASTM Standards, vol. 11.04. Water and Environmental 

Technology. E1383-93. 

GOLDER ASSOCIATES, Redmond, Washington 

M94AR-021 

ARS2 

DATE: 94/11/09 

1 INITIATION 1 TERMINATION 

pH COND DO PH COND DO HARD ALKAL 

CONTROL B.5 464 8.2 8.2 530 6.4 178 200 

M94AR-021 6.3 529 8.2 8.4 697 7.4 340 272 

I REPLICATE 

I SAMPLE A I B J C 1 D | E | F | 

pllili 

CONTROL 10 0 0 20 0 5 B 

M94AR-021 0 10 10 7 6 not toxic 

mssm IE® 

CONTROL 1.0 0.8 1.6 0.8 0.9 1.2 1.0 0.3 

M94AR-021 2.3 2.5 2.0 2.3 0.3 not toxic 

NOTE: Differences In mortality and weight between the control and test sediment were determined by a student's Mest at p <0.5. 

COND°conducttvlty (uS/cm). DO=dtesotved oxygen (mg/U. HABD=hardness Img/L), ALKAL=alkallnlty (rr.g/U 

AVG«> average, SO*3standard deviation 

The test was initiated wtth 10 chlfonomlds per test vessel. 

COMMENTS: 

STARTED: 94/12/02 AT: 1200 BY: D. Untott 

ENDED: 94/12/12 AT: 1000 BY: D. Lintott 

REPORTED: 95/01/11 BY: D. Lintolt —.y >/ 

VERIFIED: 95/01/19 BY: K. Kok 

#3. 6125- 12 STREET S.E.. CALGARY. ALBERTA T2H 2K1 TELEPHONE (403) 253-7121. FAX (403) 252-9363 



r- -x _ _ . . PROJECT#: 9404^-4 
f \  K — m ar* 1 1  101 TEST#: 941954-3 HydroQual 

» I ahmtDrioc I tH 
£ J ̂  . TV • TTT SAMPLE#: 94565-2 

eâ s J; Laboratories Ltd. 

TOXICITY TEST RESULTS 

PROTOCOL: Chironomus tentans 10 Day Static Acute Lethality Test 

screening test (single concentration) 

REFERENCE: 

CUENT: 

SAMPLE: 

TEST DATA: 

Standard Guide for Conducting Sediment Toxicity Tests with Freshwater Invertebrates 

1993. Annual Book of ASTM Standards, vol. 11.04. Water and Environmental 

Technology. E1383-93. 

GOLDER ASSOCIATES, Redmond, Washington 

M94AR-022 

ARS3 

DATE: 94/11/09 

I INITIATION TERMINATION 

pH COND DO PH COND DO HARD ALKAL 

CONTROL 6.5 464 8.2 8.2 530 6.4 178 200 

M94AR-022 8.4 506 8.2 8.5 628 7.4 250 260 

REPUCATE 

SAMPLE A I B I C I I o I I E I F Mil MM 

CONTROL 10 0 0 0 20 0 5 8 

M94AR-022 0 0 10 3 6 net toxic 

CONTROL 1.0 0.8 1.6 0.8 0.9 1.2 1.0 0.3 

M94AR-022 1.7 1.8 2.2 1.9 0.3 not toxic 

NOTE Differences In mortality and weight between the control and test sediment were determined by a student's West at p <0.5. 

CONDwconductlvtty (uS/cm), OO-dissolved oxygen (mg/L), HARD'hardness (mgAJ. ALKAL •» alkalinity (mg/U 

AVGwaverage, SOwstandard deviation 

The last was Initialed with 10 ehlronomlds per test vessel. 

COMMENTS: 

STARTED: 94/12/02 AT 1200 BY: D. Lintott 

ENDED: 94/12/12 AT 1000 BY: D. Lintott 

REPORTED: 95/01/11 BY D. Lintott 

\ VERIFIED: 95/01/19 BY K. Kok 

#3. 6125 - 12 STREET S E . CALGARY. ALBERTA T2H 2K1 TELEPHONE (403) 253-7121. FAX(403) 252-9363 



HydroQual 
 ̂ I aKrv?a+r\riftC I tH Laboratories Ltd 

TOXICITY TEST RESULTS 

PROJECT#: 94044-4 

TEST#: 941954-4 

SAMPLE#: 94565-2 

PROTOCOL: 

REFERENCE: 

CLIENT: 

SAMPLE: 

TEST DATA: 

Chironomus tentans 10 Day Static Acute Lethality Test 

screening test (single concentration) 

Standard Guide for Conducting Sediment Toxicity Tests with Freshwater Invertebrates 

1993. Annual Book of ASTM Standards, vol. 11.04. Water and Environmental 

Technology. E1383-93. 

GOLDER ASSOCIATES, Redmond, Washington 

M94AR-023 

ARS4 

DATE: 94/11/09 

I INITIATION I TERMINATION 

PH CONO DO PH COND DO HARD ALKAL 

CONTROL 8.5 464 8.2 8.2 530 6.4 178 200 

M94AR-023 8.4 525 8.2 8.5 646 7.9 450 300 

REPLICATE 

I SAMPLE A I I B I c I I D E | F liiii WSBM 
> * 

^i«ii 
••• mmm 

CONTROL 10 0 0 0 20 0 5 8 

M94AR-023 0 0 0 0 0 not toxic 

CONTROL 1.0 0.8 1.6 0.8 0.9 1.2 1.0 0.3 

M94AR-023 1.1 1.5 1.7 1.5 0.3 not toxic 

NOTE: OMerences In mortality and weight between the control and test sediment were determined by a student s Most at p <0.5. 

COND® conductivity (uS/cm), OOsdlsaolved oxygen (mg/U, HARD«hardness (mg/U, ALKAL**alkalinity (mg/U 

AVG-average. 8D-standard deviation 

The tast was Initiated wbh 10 chironomlds per test vessel. 

COMMENTS: 

STARTED: 94/12/02 AT: 1200 BY: D. Lirrtott 

ENDED: 94/12/12 AT: 1000 BY: D. Untott 

REPORTED: 95/01/11 BY: D. Lirrtott 

VERIFIED: 95/01/20 BY: K. Kok A. Krt 

#3. 6125 - 12 STREET S.E.. CALGARY. ALBERTA T2H 2K1 TELEPHONE (403) 253-7121. FAX(403) 252-9363 



HydroQual 
^ I ahrmtnrioc I trl 

PROJECT#: 94044-4 

TEST#: 941954-5 
OL&S ess: 

/ ' '•> La^SsTtt SAMPLE#: 94565-2 

TOXICITY TEST RESULTS 

PROTOCOL: Chironomus tentans 10 Day Static Acute Lethality Test 

screening test (single concentration) 

REFERENCE: Standard Guide for Conducting Sediment Toxicity Tests with Freshwater Invertebrates 

1993. Annual Book of ASTM Standards, vol. 11.04. Water and Environmental 

Technology. E1383-93. 

CLIENT: 

SAMPLE: 

TEST DATA: 

GOLDER ASSOCIATES, Redmond, Washington 

M94AR-024 

ARS5 

DATE: 94/11/09 

I INITIATION TERMINATION 

pH COND DO PH COND DO HARD ALKAL 

CONTROL 8.5 464 8 2 8.2 530 6.4 178 200 

M94AR-024 8.5 523 82 8.5 611 7.6 440 272 

REPLICATE 

SAMPLE A I B I C I D I E | F | 

ill!! 

CONTROL 10 0 0 0 20 0 5 8 

M94AR-024 0 30 10 13 15 not toxic 

CONTROL mm 0.8 1.6 0.8 0.9 1.2 1.0 0.3 

M94AR-024 1.6 2.0 1.7 1.8 02 not toxic 

NOTE: Differences in mortality and weight between the control and teat sediment were determined by a student's Meet at p <0.5. 

CONO-conducttvtty (uS/cm), CX)™ dissolved osygen (mg/L). HARD •"hardness (mgAJ, ALKAL»alkallntty (mgAJ 

AVQ - average, SD-standard deviation 

The test was Initiated with 10 ehtronomlds per test vessel 

COMMENTS: 

STARTED: 94/12/02 AT: 1200 BY: D. Lintott 

ENDED: 94/12/12 AT: 1000 BY: D. Lintott 

REPORTED: 95/01/11 BY: D. Lintott 
f/- ; / 

VERIFIED: 95/01/20 BY: K. Kok 

Si' 

#3 6125 - 12 STREET S.E CALGARY, ALBERTA T2H 2K1 TELEPHONE (403) 253-7121. FAX (403) 252-9363 



I HydroQual 
f* & I oKyvn+rtriap I tH Laboratories Ltd. 

TOXICITY TEST RESULTS 

PROJECT#: 94044-4 

TEST#: 941954-6 

SAMPLE#: 94565-2 

PROTOCOL- Chironomus tentans 10 Day Static Acute Lethality Test 

screening test (single concentration) 

REFERENCE: Standard Guide for Conducting Sediment Toxicity Tests with Freshwater Invertebrates 

1993. Annual Book of ASTM Standards, vol. 11.04. Water and Environmental 

Technology. E1383-93. 

CLIENT: 

SAMPLE: 

TEST DATA: 

GOLDER ASSOCIATES, Redmond, Washington 

M94AR-025 

ARS6 

DATE: 94/11/10 

I INITIATION J TERMINATION 

PH COND DO pH COND DO HARD ALKAL 

CONTROL 6.5 464 8.2 8.2 530 6.4 178 200 

M94AR-025 8.3 552 8.1 8.4 625 7.6 600 244 

REPLICATE 

I SAMPLE A I I B I c I D | I " I F 11111 mm WSSKSSSM 
S3 
si 

CONTROL 10 0 0 0 20 0 5 8 

M94AR-025 20 0 0 7 12 not toxic 

p
rt 

m
 

W/»W.'XJXf 

CONTROL 0.8 1.6 0.8 0.9 1.2 1.0 0.3 

M94AR-025 1 t-4 1.2 1.1 1.2 0.2 not toxic 

NOTE: Differences In mortality and weight between the control and teat sediment were determined by a student'e t-test at p <0.5. 

COND°conductivtty (uS/cm), 0O~dissolved oxygen (mg/LJ. HAHD°hardness (mg/U, ALKALwalkalinlty (mg/l) 

AVG»avemge, SD»= standard deviation 

The teat was Initiated with 10 chirenomlda per test vessel. 

COMMENTS: 

STARTED: 94/12/02 AT: 1200 BY: D. Untott 

ENDED: 94/12/12 AT: 1000 BY: D. Lintott 

REPORTED: 95/01/11 BY: D. Lintott , .. 

VERIFIED: 95/01/20 BY: K. Kok 

#3. 6125 - 12 STREET S.E.. CALGARY. ALBERTA T2H 2K1 TELEPHONE (403) 253-7121, FAX (403) 252-9363 



HydroQual 
4 1 aKnratnrioc I id Laboratories Ltd. 

TOXICITY TEST RESULTS 

PROJECT#: 94044-4 

TEST#: 941954-7 

SAMPLE#: 94565-2 

PROTOCOL* Chironomus tentans 10 Day Static Acute Lethality Test 

screening test (single concentration) 

REFERENCE: Standard Guide for Conducting Sediment Toxicity Tests with Freshwater Invertebrates 

1993. Annual Book of ASTM Standards, vol. 11.04. Water and Environmental 

Technology. E1383-93. 

CLIENT: 

SAMPLE: 

TEST DATA: 

GOLDER ASSOCIATES, Redmond, Washington 

M94AR-026 

ARS7 

DATE: 94/11/10 

I INITIATION | TERMINATION 

P« COND DO PH COND DO HARD ALKAL 

CONTROL 8.5 464 8.2 8.2 530 6.4 178 200 

M94AR-026 8.4 588 8.1 8.4 656 7.7 710 236 

I REPLICATE I 

[ SAMPLE 

to <
 o

 

o
 

m
 

-n
 

titii HliiM 

* " ̂ sll 

CONTROL 10 0 0 20 0 5 8 

M94AR-026 20 0 0 7 12 not toxic 

CONTROL 1.0 0.8 1.6 0.8 0.9 1.2 1.0 02 

M94AR-026 1.5 1.4 1.4 
I 1.4 0.0 not toxic 

NOTE: Dffiarancn In mortality and weight between the control and test sediment were determined by a student's Meat at p <0.5. 

CONO-conductMty (uS/crn), DO-dissolved oxygen (mg/lj, HAHO=hardness |mgAJ. ALKAL-alkallnlty (mg/IJ 

AVG a average, SO~standard deviation 

The test was Initiated with 10 chtronomtds per test vessel. 

COMMENTS: 

STARTED: 94/12/02 AT: 1200 BY: D. Lintott 

ENDED: 94/12/12 AT: 1000 BY: D. Lintott 

REPORTED: 95/01/11 BY: D. Lintott 

\ VERIFIED: 95/01/20 BY: K. Kok fid 

#3. 6125 - 12 STREET S.E.. CALGARY. ALBERTA T2H 2K1 TELEPHONE (403) 253-7121. FAX (403) 252-9363 



HydroQual 
^ I ahwQ+nrbc I +H Laboratories Ltd. 

TOXICITY TEST RESULTS 

PROJECT#: 94044-4 

TEST#: 941954-8 

SAMPLE#: 94565-2 

PROTOCOL: Chironomus tentans 10 Day Static Acute Lethality Test 

screening test (single concentration) 

REFERENCE: 

CLIENT: 

SAMPLE: 

TEST DATA: 

Standard Guide for Conducting Sediment Toxicity Tests with Freshwater Invertebrates 

1993. Annual Book of ASTM Standards, vol. 11.04. Water and Environmental 

Technology. E1383-93. 

GOLDER ASSOCIATES, Redmond, Washington 

M94AR-027 

ARS8 

DATE: 94/11/10 

j I INITIATION TERMINATION 

pH CONO DO pH COND DO HARD ALKAL 

CONTROL 6.5 464 8.2 8.2 530 6.4 178 200 

M94AR-027 8.4 559 8.1 8.5 591 7.7 720 240 

REPLICATE 

I SAMPLE ' A I I B I I c J D j E | F §111 MUM 

1111 

CONTROL 10 0 0 0 20 0 5 8 

M94AR-027 10 0 10 7 6 not toxic 

snisliiil 

CONTROL 1.0 0.8 1.6 0.8 0.9 1.2 1.0 0.3 

M94AR-027 1.4 1.3 1.2 1.3 0.1 not toxic 

NOTE: Differences In mortality and weight between the control and teat sediment were determined by a student's t-test at p <0.5. 

CONDwconductMty (u8/cm), DO«dlssolved oxygen (mgflj, HAHDohaidneaa (mg/U, ALKAL»alkalinity (mg/L) 

AVGoayemge, SDwstandard deviation 

Tha teat was Initiated with 10 chlranomlds per test vassal. 

COMMENTS: 

STARTED: 94/12/02 AT: 1200 BY: D. Lintott 

ENDED: 94/12/12 AT: 1000 BY: D. Lintott 

REPORTED: 95/01/11 BY: D. Lintott 

VERIFIED: 95/01/20 BY: K. Kok tT. K&L 

#3. 6125 - 12 STREET S.E.. CALGARY, ALBERTA T2H 2K1 TELEPHONE (403)253-7121. FAX (403) 252-9363 



HydroQual 
^ I ahr«tr*rioc I tH 

PROJECT#: 94044-4 

^ B  i V U I  U V ^ U U I  SAMPLE#: 94565-2 
Laboratories Ltd. 

TOXICITY TEST RESULTS 

PROTOCOL: Chironomus tentans 10 Day Static Acute Lethality Test 

screening test (single concentration) 

REFERENCE: Standard Guide for Conducting Sediment Toxicity Tests with Freshwater Invertebrates 

1993. Annual Book of ASTM Standards, vol. 11.04. Water and Environmental 

Technology. E1383-93. 

CLIENT: 

SAMPLE: 

TEST DATA: 

GOLDER ASSOCIATES, Redmond, Washington 

M94AR-031 

ARS9 

DATE: 94/11/10 

I INITIATION TERMINATION 

PH COND DO PH COND DO HARD ALKAL 

CONTROL 8.5 464 8.2 8.2 530 6.4 178 200 

M94AR-031 8.2 585 7.7 8.4 600 8.1 ND ND 

REPLICATE 

I SAMPLE A 1 I 6 I c I 1 D 1 1 E 1 F iiiii KM Mili lH 
**•> 

CONTROL 10 0 0 0 20 0 5 8 

M94AR-031 10 0 30 13 15 not toxic 

WB&u 
v. < 

CONTROL 0.8 1.6 0.8 0.9 1.2 1.0 0.3 

M94AR-031 I 1-1 1.0 1.2 1.1 0.1 not toxic 

NOTE: Differences In mortality and weight between the control and teat sediment were determined by a student's t-test at p <0.5. 

COND"conductMty (uS/cm), DO•>dissolved oxygen (mg/U. MAnD=hardness (mg/l). ALKAL-alKalinlty (mg/IJ 

AVQwaverage, SD~standard deviation 

The test was Initiated with 10 chlfonomlds per test vessel. 

COMMENTS: 

STARTED: 94/12/02 AT 1200 BY: D. Lintott 

ENDED: 94/12/12 AT 1000 BY: D. Lintott 

REPORTED: 95/01/11 BY D. Lintott 

| VERIFIED: 95/01/20 BY K. Kok /? /)tk 

#3. 6125 - 12 STREET S.E.. CALGARY, ALBERTA T2H 2K1 TELEPHONE (403) 253-7121', FAX (403) 252-9363 



HydroQua 
^ I aKrvafrvrioc I tr Laboratories Ltd. 

TOXICITY TEST RESULTS 

PROJECT#: 94044-4 

TEST#: 941954-10 

SAMPLE#: 94565-3 

PROTOCOL: Chironomus tentans 10 Day Static Acute Lethality Test 

screening test (single concentration) 

REFERENCE: Standard Guide for Conducting Sediment Toxicity Tests with Freshwater Invertebrates 

1993. Annual Book of ASTM Standards, vol. 11.04. Water and Environmental 

Technology. E1383-93. 

CLIENT: 

SAMPLE: 

TEST DATA: 

GOLDER ASSOCIATES, Redmond, Washington 

M94SC-001 

SC-7A 

DATE: 94/11/11 

I INITIATION TERMINATION 

PH COND DO PH COND DO HARD ALKAL 

CONTROL 8.5 464 8.2 8.2 530 6.4 178 200 

M94SC-001 8.2 655 7.8 8.4 689 7.7 790 208 

I REPUCATE I 

I SAMPLE A | B I C | D I E I F | MBSMliiiitil 

ipiliii 

CONTROL 10 0 0 0 20 0 5 8 

MMSC-001 100 100 20 73 46 significant 

CONTROL 0.8 1.6 0.8 0.9 1.2 1.0 0.3 

M94SC-001 - 1.5 1.5 0.0 not significant 

NOTE: Differences In mortality and weight between the control and test sediment wete determined by a student's nest at p <0.05. 

OONDoconductMty (uS/cm), DO»dlssolved oxygen (mg/L). HARD»hardness (rngAJ, ALKAL»alkalinlty (mg/L) 

AVG=average, SD»standard deviation 

The test was Initiated with 10 chlronomlds per test vessel 

COMMENTS: 

STARTED: 94/12/02 AT 1200 BY: D. Lintott 

ENDED: 94/12/12 AT 1000 BY: D. Lintott 

REPORTED: 95/01/11 BY D. Lintott 

VERIFIED: 95/01/20 BY K. Kok •ft-

#3. 6125 - 12 STREET S.E.. CALGARY. ALBERTA T2H 2K1 TELEPHONE (403) 253-7121. FAX (403) 252-9363 



HydroQua 
J I aKnraiorioc I if Laboratories Ltd 

TOXICITY TEST RESULTS 

PROJECT#: 94044-4 

TEST#: 941954-1 OR 

SAMPLE#: 94565-3 

PROTOCOL: 

REFERENCE: 

CLIENT: 

SAMPLE: 

TEST DATA: 

Chironomustentans 10 Day Static Acute Lethality Test 

screening test (single concentration) 

Standard Guide for Conducting Sediment Toxicity Tests with Freshwater Invertebrates 

1993. Annual Book of ASTM Standards, vol. 11.04. Water and Environmental 

Technology. E1383-93. 

GOLDER ASSOCIATES, Redmond, Washington 

M94SC-001 

SC-7A 

DATE: 94/11/11 

INITIATION 1 TERMINATION 

PH COND DO pH COND DO HARD ALKAL 

CONTROL 8.3 807 7.9 8.2 568 7.5 384 228 

M94SC-001 8.2 817 9.1 8.4 718 7.5 428 300 

REPLICATE 

I SAMPLE A 1 I B I I c I 1 D| E I | F 
( * 

4 5. 

CONTROL 20 0 20 10 10 10 9 

M94SC-001 20 90 30 47 38 significant 

' ' <. 

•> s, ipC.N 

CONTROL 0.8 1.1 1.0 1.0 1.2 0.8 1.0 0.1 

M94SC-001 1.1 0.9 0.9 0.9 0.1 not significant 

NOTE: Dtfteiencee in mortality and weight between the control and teet sediment were detefmlned by a student*# Mast at p <0.05 

OONOwccnduettvtty (uS/cm), DO-dlisotv«! oxygen (mg/L). HARD= hardness (mg/U. ALKAL»alkallnlty (mg/l} 

AVOMWige, SO«standard deviation 

The teet was HiMatad with 10 ehlronomlde pef met vessel. 

COMMENTS: 

STARTED: 94/12/23 AT: 1100 BY: D. Lintott 

ENDED: 95/01/02 AT: 1100 BY: D. Untott 

REPORTED: 95/01/13 BY: D. Lintott 

| VERIFIED: 95/01/20 BY: K. Kok 

#3, 6125 - 12 STREET S.E.. CALGARY. ALBERTA T2H 2K1 TELEPHONE (403) 253-7121. FAX (403) 252-9363 



HydroQual 
PROJECT#: 94044-4 

TEST#: 941954-11 i SfciOtprrtLti 

i&Fj " "J La^WfesTJI SAMPLE#: 94565-3 

TOXICITY TEST RESULTS 

PROTOCOL: 

REFERENCE: 

CLIENT: 

SAMPLE: 

TEST DATA: 

Chironomus tentans 10 Day Static Acute Lethality Test 

screening test (single concentration) 

Standard Guide for Conducting Sediment Toxicity Tests with Freshwater Invertebrates 

1993. Annual Book of ASTM Standards, vol. 11.04. Water and Environmental 

Technology. E1383-93. 

GOLDER ASSOCIATES, Redmond, Washington 

M94SC-002 

SC-7B 

DATE: 94/11/11 

INITIATION I TERMINATION 

pH COND DO pH COND DO HARD ALKAL 

CONTROL 8.5 464 8.2 8.2 530 6.4 178 200 

M94SC-O02 8.1 645 7.6 8.4 719 7.9 412 252 

I REPLICATE 

SAMPLE A | B | C I D I E I F 

mug 

CONTROL 0 0 0 20 0 5 8 

M94SC-002 10 0 20 10 10 not toxic 
mssgsssBBSssssss , 

I 
CONTROL 0.8 1.6 0.6 0.9 1.2 1.0 0.3 

M94SC-002 1.3 1.5 1.4 1.4 0.1 not toxic 

NOTE: Differences In mortality and weight between the control and test sediment were determined by a student's t-test at p <0.05. 

CONDoconductlvlty (uS/cm), DOcdissolved oxygen (mgAJ, HARD"hardness (mg/L), ALKAl=alkallnlty (mgl) 

AVG •» average, SD^standard deviation 

The test was Initiated with 10 chironomlds per test veesel. 

COMMENTS: 

STARTED: 94/12/02 AT: 1200 BY: D. Untott 

ENDED: 94/12/12 AT: 1000 BY: D. Untott 

REPORTED: 95/01/11 BY: D. Untott 

VERIFIED: 95/01/20 BY: K. Kok 

#3. 6125- 12 STREET S.E.. CALGARY. ALBERTA T2H 2K1 TELEPHONE (403) 253-7121. FAX (403) 252-9363 



) HydroQual 
M ^ I a hnrainrioc I H Laboratories Ltd. 

TOXICITY TEST RESULTS 

PROJECT#: 94044-4 

TEST#: 941954-12 

SAMPLE#: 94565-3 

PROTOCOL: Chironomus tentans 10 Day Static Acute Lethality Test 

screening test (single concentration) 

REFERENCE: Standard Guide for Conducting Sediment Toxicity Tests with Freshwater Invertebrates 

1993. Annual Book of ASTM Standards, vol. 11.04. Water and Environmental 

Technology. E1383-93. 

CLIENT: GOLDER ASSOCIATES, Redmond, Washington 

SAMPLE: 

TEST DATA: 

COMMENTS: 

M94SC-003 

SC-7C 

DATE: 94/11/11 

INITIATION TERMINATION 

PH COND DO PH COND DO HARD ALKAL 

CONTROL 8.5 464 8.2 8.2 530 6.4 178 200 

M94SC-003 8.3 626 7.9 8.5 698 7.9 430 256 

REPLICATE 

SAMPLE A B c D * iM 

CONTROL 10 0 0 0 20 0 5 8 

M94SC-003 90 80 100 90 10 significant 

CONTROL 

M94SC-003 

1.0 

1.5 

0.8 

1.4 

1.6 0.8 0.9 1.2 1.0 

1.4 

0.3 

0.1 not significant 

NOTE: DHterences In mortality and weight between the control and test sediment were determined by a student's Meet at p <0.08. 

CONOwconductMty (uS/cm). DO=dlasotved oxygen (mg/l). HARD=hardness (mg/l). AUCAL«• alkalinity (mg/l) 

AVQ ^average, SD» standard deviation 

The test was Initiated with 10 chlronomlde per test vessel. 

STARTED: 94/12/02 AT 1200 BY: D. Lintott 

ENDED: 94/12/12 AT 1000 BY: D. Lintott 

REPORTED: 95/01/11 BY D. Lintott 

| VERIFIED: 95/01/20 BY K. Kok K fat 

#3, 6125 - 12 STREET S.E . CALGARY. ALBERTA T2H 2K1 TELEPHONE (403) 253-7121. FAX (403) 252-9363 



HydroQual 
^ I QhrwotnriflC 1 H Laboratories Ltd 

TOXICITY TEST RESULTS 

PROJECT#: 94044-4 

TEST#: 941954-12R 

SAMPLE#: 94565-3 

PROTOCOL: Chironomus tentans 10 Day Static Acute Lethality Test 

screening test (single concentration) 

REFERENCE: Standard Guide for Conducting Sediment Toxicity Tests with Freshwater Invertebrates 

1993. Annual Book of ASTM Standards, vol. 11.04. Water and Environmental 

Technology. E1383-93. 

CLIENT: 

SAMPLE: 

TEST DATA: 

GOLDER ASSOCIATES, Redmond, Washington 

M94SC-003 

SC-7C 

DATE: 94/11/11 

I INITIATION TERMINATION 

pH COND DO pH COND DO HARD ALKAL 

CONTROL 8.3 507 7.9 8.2 568 7.5 384 228 

M94SC-003 8.2 575 9.1 8.2 652 7.4 408 272 

REPLICATE 

I SAMPLE A I I B I I c I I o I E | | F WSM SSI 1111111111 
v-y.A" • I 

CONTROL 0 20 0 20 10 10 10 9 

M94SC-003 20 10 100 43 49 not toxic 
•? 

CONTROL 0.8 1.1 1.0 1.0 1.2 0.8 1.0 _] 0.1 

M94SC-003 1.3 1.2 - 0.8 0.7 not toxic 

NOTE: Differences In mortality and weight between the control and test sediment were determined by a student's t-test at p <0.05 

CONDwconducHvfty (uSfcm), DO»dieaolved oxygen (mg/l), HAFK>«*hardness (mg/U, ALKAl"alkalinity (mg/L) 

AVGwamrege, SD-etandard deviation 

The test was Initiated with 10 ehlronomlda per test vessel. 

comments: 

STARTED: 94/12/23 AT 1100 BY: D. Lintott 

ENDED: 95/01/02 AT 1100 BY: D. Lintott 

REPORTED: 95/01/13 BY D. Lintott 

VERIFIED: 95/01/20 BY K. Kok A /)(t 

#3, 6125 - 12 STREET S.E.. CALGARY. ALBERTA T2H 2K1 TELEPHONE (403) 253-7121, FAX (403) 252-9363 



gufrttastsaz^ r HydroQual 
I oKrvratnrioc I tH Laboratories Ltd. 

TOXICITY TEST RESULTS 

PROJECT#: 94044-4 

TEST#: 941954-13 

SAMPLE#: 94565-3 

PROTOCOL: 

REFERENCE: 

CLIENT: 

SAMPLE: 

TEST DATA: 

Chironomus tentans 10 Day Static Acute Lethality Test 

screening test (single concentration) 

Standard Guide for Conducting Sediment Toxicity Tests with Freshwater Invertebrates 

1993. Annual Book of ASTM Standards, vol. 11.04. Water and Environmental 

Technology. E1383-93. 

GOLDER ASSOCIATES, Redmond, Washington 

M94SC-005 

SC-6A 

DATE: 94/11/11 

1 INITIATION 1 TERMINATION 

P« COND DO PH COND DO HARD ALKAL 

CONTROL 6.5 464 8.2 8.2 530 6.4 178 200 

M94SC-O05 8.2 684 7.8 8.6 772 7.6 550 428 

REPLICATE 

SAMPLE A 1 I B I I C I D | E I F | 
V- 4'" ^ 

CONTROL 10 0 0 0 20 0 5 8 

MB4SC-005 20 0 100 40 53 not significant 

CONTROL 0.8 1.6 0.8 0.9 1.2 1.0 0.3 

M94SC-005 1.4 1.4 - 1.4 0.0 not significant 

NOTE: OMerances In molality and might batman the control and test sediment were determined by a student s t-test at p <0.05. 

CONOwconductMty (uS/cm), DO-dtssohred oxygen (mg/L). HARO»hardness (mgAJ, ALKAL-aikalinity (mg/l) 

AVG*>average, SD=standard deviation 

The test was Initiated with 10 ehironomlds per test vessel. 

COMMENTS: 

STARTED: 94/12/02 AT 1200 BY: D. Lintott 

ENDED: 94/12/12 AT 1000 BY: D. Untott 

REPORTED: 95/01/11 BY D. Lintott , 

VERIFIED: 95/01/20 BY K. Kok 

#3. 6125 - 12 STREET S.E., CALGARY. ALBERTA T2H 2K1 TELEPHONE (403) 253-7121. FAX (403) 252-9363 
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V 

HydroQual 
f I ahwatr\rioc I tri Laboratories Ltd. 

TOXICITY TEST RESULTS 

PROJECT#: 

TEST#: 

SAMPLE#: 

94044-4 

941954-13R 

94565-3 

PROTOCOL: Chironomus tentans 10 Day Static Acute Lethality Test 

screening test (single concentration) 

REFERENCE: Standard Guide for Conducting Sediment Toxicity Tests with Freshwater Invertebrates. 

1993. Annual Book of ASTM Standards, vol. 11.04. Water and Environmental 

Technology. E1383-93. 

CLIENT: 

SAMPLE: 

TEST DATA: 

COMMENTS: 

GOLDER ASSOCIATES, Redmond, Washington 

M94SC-005 

SC-6A 

DATE: 94/11/11 

I INITIATION I TERMINATION 

P» COND OO PH COND DO HARD ALKAL 

CONTROL 8.3 507 7.9 8.2 568 7.5 384 228 

M94SC-005 8.2 730 9.1 8.3 745 72 480 320 

REPLICATE 

I SAMPLE A I I B I 1 c 1 I DJ E I F illl 

CONTROL 0 20 0 20 10 10 10 9 

M94SC-005 30 60 0 30 30 not toxic 

CONTROL o.e 1.1 1.0 1.0 1.2 0.8 ! 1.0 0.1 

M94SC-00S 2.5 1.5 2.2 2.0 0.5 not toxic 

NOTE: Dtlterenees tn mortality and weight between the control and test sediment were determined by a student's t-test at p <0.05 

COND>="conductivity (uSfcm), DO*»dissolved oxygen (mg/L), HARD=hardness (mg/U, ALKAl«»alkallnity (mg/L) 

AVG» average, SD-standard devtatlon 

The last was Inlttated with 10 chlronomlds per test vessel. 

One large leech was observed in replicate B of the test sediment at termination. 

STARTED: 94/12/23 AT: 1100 BY: D. Untott 

ENDED: 95/01/02 AT: 1100 BY: D. Untott 

REPORTED: 95/01/13 BY: D. Untott 

VERIFIED: 95/01/20 BY: K. Kok 

#3. 6125 - 12 STREET S.E.. CALGARY, ALBERTA T2H 2K1 TELEPHONE (403) 253-7121, FAX (403)252-9363 



 ̂ Xv _ . PROJECT#: 94044-4 

' \ i-n/nrm II iai TEST#: 94195414 HydroQual 
 ̂ I n Ky-va+r>ru^o I IH 

^•^55®""* B 'J w ̂  ̂  ̂  SAMPLE#: 94565-3 
Laboratories Ltd. 

TOXICITY TEST RESULTS 

PROTOCOL: Chironomus tentans 10 Day Static Acute Lethality Test 

screening test (single concentration) 

REFERENCE: Standard Guide for Conducting Sediment Toxicity Tests with Freshwater Invertebrates 

1993. Annual Book of ASTM Standards, vol. 11.04. Water and Environmental 

Technology. E1383-93. 

CLIENT: 

SAMPLE: 

TEST DATA: 

GOLDER ASSOCIATES, Redmond, Washington 

M94SC-006 

SC-6B 

DATE: 94/11/11 

INITIATION TERMINATION 

pH COND DO PH COND DO HARD ALKAL 

CONTROL 8.5 464 8.2 8.2 530 6.4 178 200 

M94SC-006 8.2 605 8.2 8.6 771 7.6 590 340 

REPLICATE 

SAMPLE A | B C I D I E I F 

CONTROL 10 0 0 0 20 0 5 8 

M94SC-006 0 70 0 23 40 not toxic 

CONTROL 1.0 0.8 1.6 0.8 0.9 1.2 1.0 0.3 

M94SC-006 1.4 0.9 1.4 1.2 0.3 not toxic 

COMMENTS: 

NOTE: Differences In mortality and weight between the control and test sediment were determined by a student's Meet at p <0.05 

CONO«conducttvtty (u8/cm), DO«*dissolved oxygen (mg/U. HARD-hardness (mg/L), ALKAL"alkalinity (mg/L) 

AVGaaverags, 80<> standard deviation 

The test was Inlttated wRh 10 chlronomlds per taet vessel. 

One leech was observed in replicate B of the test sediment at test termination. 

STARTED: 94/12/02 AT 1200 BY: D. Lintott 

ENDED: 94/12/12 AT 1000 BY: D. Lintott 

REPORTED: 95/01/13 BY D. Lintott 

VERIFIED: 95/01/20 BY K. Kok /•fat 0 L 
#3. 6125 - 12 STREET S.E.. CALGARY. ALBERTA T2H 2K1 TELEPHONE (403) 253-7121. FAX (403) 252-9363 
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HydroQual 
Laboratories Ltd. 

TOXICITY TEST RESULTS 

PROJECT#: 94044-4 

TEST#: 941954-14R 

SAMPLE#: 94555-3 

PROTOCOL: 

REFERENCE: 

CLIENT: 

SAMPLE: 

TEST DATA: 

Chironomus tentans 10 Day Static Acute Lethality Test 

screening test (single concentration) 

Standard Guide for Conducting Sediment Toxicity Tests with Freshwater Invertebrates 

1993. Annual Book of ASTM Standards, vol. 11.04. Water and Environmental 

Technology. E1383-93. 

GOLDER ASSOCIATES, Redmond, Washington 

M94SC-006 

SC-6B 

DATE: 94/11/11 

1 INITIATION I TERMINATION 

pH COND DO pH COND DO HARD ALKAL 

CONTROL 8.3 507 7.9 8.2 568 7.5 384 228 

M94SC-006 8.3 646 9.4 8.4 755 7,4 308 324 

REPLICATE 

1 SAMPLE A 1 B 1 I c I I D.J E | F 

~ r 

CONTROL 0 20 0 20 10 10 10 9 

M94SC-006 0 10 10 7 6 not toxic 

-;:-V;>v:r?v 
- -"S 

lllltll 

CONTROL 1.1 1.0 1.0 1.2 0.8 1.0 0.1 

M94SC-006 1-5 2.1 2.2 1.9 0.4 not toxic 

NOTE: DlHwancM In mortaltty and weight between the control and teet sediment were determined by a student's Mast at p <0.05 

CONOwconducttvtty (u9/cm), DO»dleeolved oxygen (mg/L), HARD-hardneee (mgAJ, ALKAL"alkallnlty (mg/l) 

AVG-average, SO-etandard deviation 

The text was Initiated wttn 10 cMronomkto per teet vessel. 

COMMENTS: 

STARTED: 94/12/23 AT 1100 BY: D. Lintott 

ENDED: 95/01/02 AT 1100 BY: D. Lintott 

REPORTED: 95/01/13 BY D. Lintott 

VERIFIED: 95/01/20 BY K. Kok 

#3, 6125 - 12 STREET S.E.. CALGARY. ALBERTA T2H 2K1 TELEPHONE (403) 253-7121, FAX (403) 252-9363 



10-DAY TESTS WITH CHIRONOMUS TEbfTANS ON SODA SPRINGS SEDIMENTS 

D. SAMPLE AND TEST INFORMATION 

January 23, 1995 

GOLDER ASSOCIATES INC., REDMOND, WASHINGTON 

- 7 - 94565CT.GLP 



SAMPLE#: 94565-1 CLIENT#: 94044-4 

SAMPLE AND TEST INFORMATION 

CLIENT INFORMATION CLIENT: Golder Associates Inc. 

STREET: 4104 -148th Avenue N.E. 

OPERATION: 

STREET: 4104 -148th Avenue N.E. CONTACT: David Banton 
CITY: Redmond TEL: 206-883-0777 FAX: 206-882-5498 

PROV/STATE: Washington SUBLt I: not applicable 
COUNTRY/PC: U.S.A. | 98052 BILLING: Project#: 913-1101.603 

SAMPLE: sediment; Monsanto/Soda Springs, ID | TYPE: grab 
COMMENTS: M94AR-001; 002; 003; 006; 007; 009; 014; 016; 015 

COLLECTED BY: Craig Hunter | DATE: 94/11/06-08 | TIME: 0845-1430 

mmmm 
CONTAINER: 9*large ziploc bags COMMENT: air waybill#: 400-9722-0701 II 

CARRIER: Federal Express DATE: 94/11/09 

mm 
LOCATION: HydroQual Laboratories Ltd., 3-6125 12th St. S.E., Calgary, AB T2H 2K1 
CONTACT: S. Goudey TEL: (403) 253-7121 FAX: (403) 252-9363 

RECEIVED BY: K. Kok DATE: 94/11/14 TIME: unknown 
SEALED: yes COMMENT: official Golder Ass. seal #9392 
COLOUR: not available ODOUR: not available 

COMMENTS: official Golder Ass. seal was broken by Agriculture Canada to inspect the sediment 

immmmmmmMtm 

I COND(uS/cm): not done DO (mg/L): not done HARDNESS (mg/L CaC03): not done 1 
| pH: not done T(oC): not done NH4+(mg/L): not done S 

S iHC(mg/L): not done 

STORAGE: 5oC in the dark 
DISPOSAL: not available | DATE: not available 1 BY: not available 

COMMENTS: no comments 



SAMPLE#: 94565-2 CLIENT#: 94044-4 

SAMPLE AND TEST INFORMATION 

>VCLfE^T1INFORMATION 1 CLIENT: Golder Associates inc. 

STREET: 4104 - 148th Avenue N.E. 

OPERATION: 

STREET: 4104 - 148th Avenue N.E. CONTACT: David Banton 

CITY: Redmond TEL: 206-883-0777 FAX: 206-882-5498 

PROV/STATE: Washington SUBLET: not applicable 

COUNTRY/PC: U.S.A. 98052 BILLING: Project#: 913-1101.603 

SAMPLE: sediment; Monsanto/Soda Springs, ID TYPE: grab 

COMMENTS: M94AR-017; 021; 022; 023; 024; 025; 026; 027; 031 

COLLECTED BY: Craig Hunter DATE: 94/11/09-10 TIME: 0845-1605 

CONTAINER: 9*large ziploc bags COMMENT: air waybill#: 400-9722-0686 | 

CARRIER: Federal Express DATE: 94/11/14 || 

LOCATION: HydroQual Laboratories Ltd., 3-612512th St. S.E., Calgary, AB T2H 2K1 

CONTACT: S. Goudey TEL: (403) 253-7121 FAX: (403) 252-9363 

RECEIVED BY: K. Poirrler DATE: 94/11/15 TIME: unknown 
SEALED: yes COMMENT: official Golder Ass. seal #9396 

COLOUR: not available ODOUR: not available 

COMMENTS: official Golder Ass. seal was intact upon arrival 

B COND(uS/cm): not done DO (mg/L): not done HARDNESS (mg/L CaC03): not done 1 

• • 
r
 

a
 

1 i 

not done T (oC): not done NH4+(mg/L): not done | 
TRC(mg/L): not done 

. \ - vi'' 
| STORAGE: 5oC in the dark fi 

1 DISPOSAL: not available DATE: not available 1 BY: not available U 
1 COMMENTS: no comments | 



SAMPLE#: 94565-3 CLIENT#: 94044-4 

SAMPLE AND TEST INFORMATION 

CLIENT INFORMATION | CLIENT: Goider Associates Inc. | 

STREET: 4104 - 148th Avenue N.E. 

OPERATION: 

STREET: 4104 - 148th Avenue N.E. CONTACT: David Banton | 

CITY: Redmond TEL: 206-883-0777 FAX: 206-882-5498 | 

PROV/STATE: Washington SUBLET: not applicable I 

COUNTRY/PC: U.S.A. 98052 BILLING: Project#: 913-1101.603 | 

SAMPLE: sediment; Monsanto/Soda Springs, ID TYPE: grab 

COMMENTS: M94SC-001; 002; 003; 005; 006; 007; 021; 022; 023; 024; 028; 029; 030 

COLLECTED BY: Craig Hunter DATE: 94/11/11&14 TIME: 1005-1545 

CONTAINER: 13*large ziploc bags COMMENT: air waybill#: 400-9722-0675 

CARRIER: Federal Express DATE: 94/11/15 

ISHii 
LOCATION: HydroQual Laboratories Ltd., 3-6125 12th St. S.E., Calgary, AB T2H 2K1 

CONTACT: S. Goudey TEL: (403) 253-7121 FAX: (403) 252-9363 

RECEIVED BY: K. Kok DATE: 94/11/16 TIME: unknown 
SEALED: yes COMMENT: official Goider Ass. seal #9096 

COLOUR: not available ODOUR: not available 

COMMENTS: official Goider Ass. seal was intact upon arrival 

wmmmm 
COND (uS/cm): not done DO (mg/L): not done HARDNESS (mg/L CaC03): not done 

PH: not done T (oC): not done NH4+(mg/L): not done 
TRC(mg/L): not done 

STORAGE: 5oC in the dark 

DISPOSAL: not available DATE: not available BY: not available 
COMMENTS: no comments 



SAMPLE#: 94565-4 

SAMPLE AND TEST INFORMATION 

CLIENT#: 94044-4 

CUENT1MFORMATJ0K CLIENT: Golder Associates Inc. 

STREET: 4104 - 148th Avenue N.E. 

OPERATION: 

STREET: 4104 - 148th Avenue N.E. CONTACT: David Banton 

CITY: Redmond TEL: 206-883-0777 FAX: 206-882-5498 

j PROV/STATE: Washington SUBLET: not applicable 

| COUNTRY/PC: U.S.A. 98052 BILLING: Project#: 913-1101.603 

SAMPLE: sediment; Monsanto/Soda Springs, ID TYPE: grab 

COMMENTS: M94SC-033to036; 040to042; 044; 045; 046; 051to054; 057; 058; 059; 065; 066; 067 

COLLECTED BY: Craig Hunter DATE: 94/11/15&16 TIME: 0845-1610 

SAMPLE SHIPMENT  ̂ j 
CONTAINER: 20*large ziploc bags COMMENT: air waybill#: 400-9722-0664 

CARRIER: Federal Express DATE: 94/11/17 |J 

| LOCATION: HydroQual Laboratories Ltd., 3-6125 12th St S.E., Calgary, AB T2H 2K1 

CONTACT: S. Goudey TEL: (403) 253-7121 FAX: (403) 252-9363 

RECEIVED BY: K. Kok DATE: 94/11/18 TIME: unknown 

SEALED: yes COMMENT: official Golder Ass. seal #9097 

COLOUR: not available ODOUR: not available 

S COMMENTS: official Golder Ass. seed was intact upon arrival 

COND(uS/cm): not done DO (mg/L): not done HARDNESS (mg/L CaC03): not done 

PH: not done T (oC): not done NH4+(mg/L): not done 

TRC(mg/L): not done 

STORAGE: 5oC in the dark 

DISPOSAL: not available DATE: not available BY: not available 

COMMENTS: no comments 



10-DAY TESTS WITH CHIRONOMUS TENTANS ON SODA SPRINGS SEDIMENTS 

E. METHOD DOCUMENTATION 

1. HydroQual Laboratories Ltd. Standard Operating Procedure for Conducting the 

Chironomus tentans Sediment Toxicity Test 

2. American Society of Testing and Materials, Guideline E1383-92 

GOLDER ASSOCIATES INC., REDMOND, WASHINGTON 

January 23, 1995  ̂ - 8 - 94565CT.GLP 



STANDARD OPERATING PROCEDURE 

II.IV.IIIX CHIRONOMUS tentans STATIC ACUTE SEDIMENT TEST 

1. INTRODUCTION 

The method outlined below is the standard operating procedure for conducting a 10-day 
static sediment toxicity test using the midge, Chironomus tentans. 

2. TEST ORGANISMS 

2.1 TEST SPECIES 

Chironomus tentans (Diptera) are widely-distributed non-biting flies (midges), which have 
four life stages: egg, larva, pupa, and adult. Midge larvae are found in the top few 
centimetres of sediment, and feed on the sediment surface. 

Tests are started with larvae which should be 9 to 13 days after hatch (third instar), and 
are no older than 16 days. Midges can be obtained from a commercial supplier, either 
as testing age larvae, or as egg cases. 

SUPPLIER: Aquatic Research Organisms (ARO) 
P.O. Box 1271 
One Lafayette Road 
Hampton, NH 03842 
phone: (603) 926-1650 
fax: (603) 926-5278 

Midges can also be obtained from in-house cultures. Twelve to 16 days before testing, 
at least 3 freshly laid midge egg cases are placed in a clean glass pan filled with water 
to a depth of 3 cm. Three egg cases will give approximately 200 to 300 juveniles. 

The egg cases are isolated by aspirating adults into the aspirating jar in the morning. In 
the late afternoon, about 300 mL of tap water is added to the flask. Egg cases are 
deposited overnight and first instar larvae begin to hatch after about 2 to 3 days at 20°C. 
Egg cases must be checked using a stereo-microscope each morning for the start of 
hatching, which is to be recorded in the Chironomid Culture Log Book, along with the lot 
number of eggs (lot number = CTEYYMMDD). 

Once hatching begins, Nutrafin dissolved in deionized water is added once daily to the 
culture at a rate of 5 mL of a 1 g/100 mL stock. The stock food solution can be made 
ahead and stored in the fridge for two weeks. Deionized water is added as needed to 
make up for evaporation. The larvae in the rearing pans are presumed to be third instar 
on the 12th day from the time the eggs were laid (9 day old larvae). Most larvae will remain 
as third instars through the 16* day (13 day old larvae). 

Larvae older than sixteen days should not be used to start a test. 

WRrTTEN: 94/11/18 BY: DL 
REVISED: 95/01/22 BY: DL 
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STANDARD OPERATING PROCEDURE 

2.2 Dilution Water 

Dechlorinated tap water is used as culture water and as dilution water. This water is 
referred to as laboratory dilution water. 

3. TEST FACILITY 

The tests are conducted in the 20+.2°C test area. Test temperatures are recorded daily 
from thermometers placed in the test area. 

3.1 Test Vessel 

Tests are conducted in glass jars. The volume of the jar depends on the amount of test 
sediment available, but is usually a 700 mL glass jar, with a sediment to dilution water 
ratio of 1:4. Each 700 mL jar contains 100 mL of whole sediment and 400 mL of dilution 
water. The remainder of the SOP refers to testing using the 700 mL glass jar. 

4. GENERAL TEST PROCEDURE 

All information about the test is recorded on the bench sheet. The bench sheet is kept 
in the test area throughout the test. Feeding and other comments regarding testing 
should be recorded on the Project Sheet. 

4.1 Sample Handling 

tests should be initiated within fourteen days of sample collection, and 
must be initiated within six weeks of sample collection 
the sample is stored in the cold room if the test is not initiated within 24 h 

Field-collected sediments should normally not be prepared for testing by sieving, as this 
would remove contaminants present in the pore water or loosely adsorbed to particulates. 
Large debris or large indigenous organisms should be removed using forceps. To achieve 
a homogeneous sample, either mix it in the transfer/storage container, or transfer it to a 
clean bowl and stir by hand using a plastic spoon or spatula, until its texture and colour 
are homogeneous. Any liquid which has separated from the sample during Its transport 
and storage must be re-mixed within the sample. Immediately following sample mixing, 
subsamples of the test substance are collected for testing and transferred to labelled 
containers. 

4.2 Test Design 

For screening tests, transfer 100 mL of homogenized test sediment to each of a minimum 
of three test jars. A minimum of three control sediments should be tested with the 
screens, which consists of acid washed 70-mesh silica sand. If several screening tests 
are being conducted on the same day, one set of controls can be run using a minimum 

WRITTEN: 94/11/18 BY: DL 
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STANDARD OPERATING PROCEDURE 

of 6 replicates. The number of replicates should be increased with the number of tests. 
To each test and control sediment, gently add 400 mL of dilution water to the sediments. 
The dilution water should be poured along the sides of the jar, or along a glass pipette, 
so as to minimize sediment disturbance. 

The definitive test is conducted using five or more test concentrations of wet sediment, 
diluted with control sediment. Test concentrations for unknown sediments are 6.25%, 
12.5%, 25%, 50% and 100%, Control sediment can be either a natural or artificially 
prepared clean sediment. The artificial sediment used is either silica sand which has been 
soaked in 5% sulfuric acid and rinsed in deionized water until pH is neutral, or an artificial 
sediment prepared from recipes provided in the attached references. The choice of 
artificial sediment will depend on the client's requirements. A natural reference sediment 
is one which has been collected from an area known to have similar sediment 
characteristics and no toxicity. Since a natural sediment used for dilution is an 
experimental sediment, a natural sediment control and a laboratory sediment control 
(silica sand) will be tested concurrently. 

4.3 Preparation of Sediment Dilutions 

Test sediment dilutions are prepared by adding the required amount of dilution sediment 
to test sediment. The addition of dilution sediment is done on a volume basis. The 
percent moisture content of the test and dilution sediment is not corrected for. The total 
volume of diluted sediment is 300 mL per treatment level. A minimum of 600 mL of test 
sediment is required for each test. The sediment dilutions are mixed by hand to 
homogenize, then distributed to three replicate test vessels (100 mL of sediment to each). 
After distribution of test material to test vessels, 400 mL of dilution water is added gently 
to the test vessel so as to minimize sediment disturbance. The test vessels are allowed 
to settle overnight, at a minimum. 

The test vessels are aerated for at least one hour prior to test initiation, using a one-mL 
disposable pipette attached to an air line which is placed in the test vessel 2 cm from the 
sediment. Aeration is provided at a rate low enough to prevent resuspension of sediment. 

4.4 Test Initiation 

Just prior to addition of organisms, and after aeration has occurred for a minimum of one 
hour, pH, DO and conductivity is measured directly in one replicate of each treatment and 
the controls, using care not to disturb the sediments. 

Chironomid larvae are collected from the rearing dishes by gently touching the larvae with 
a brush to dislodge them from the glass surface, then pipetting the larva from the water 
column using a transfer pipette. The larvae are collected in 30-mL plastic containers until 
10 have been randomly distributed to each. 

WRrTTEN: 94/11/18 BY: DL 
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STANDARD OPERATING PROCEDURE 

After the test vessels have aerated for one hour and water quality has been measured, 
animals are randomly allocated to treatments. 

4.5 Test Conditions 

photoperiod of 8 hours dark and 16 hours light, at less than 1000 lux at 
the water surface 
test temperature of 20°C+2°C 
organisms are fed daily; Food is a slurry of 20 g/L Nutrafin in deionized 
water, which has been blended using the handblender. A volume of 0.5 mL 
of this slurry is fed to each test vessel. If the water appears cloudy during 
the test, or fungus appears on the surface of the sediment, feeding 
should be delayed for a day, and the food ration may be reduced at the 
discretion of the tester. Any changes to the quantity of food must be done 
to all treatments. 

4.6 Observations and Measurements 

daily temperatures are recorded from the thermometer in the area (during 
daily monitoring) 
all test vessels are checked to ensure that aeration is adequate and that 
fungus has not appeared on the sediment surface 

4.7 Test Termination 

On day 10, a 40 mL aliquot is collected from each replicate for each treatment and 
pooled. The DO, pH and conductance, and if requested, hardness and alkalinity is 
determined from this pooled sample for every treatment. For organisms collection, the 
following procedure is recommended; stack the 125 and 600 Mm US standard sieves 
together in the recirculating sediment washer. Pour 50% of the overlying water through 
the sieves. Swirl the remaining water to suspend the sediment. Pour the suspended 
sediment through the stacked sieves. Using cold dilution water, wash the contents 
recovered on the sieve into a glass counting tray for inspection. 

Larvae may remain in sediment tubes after transfer to counting dishes. Using cold water 
helps to remove larvae from their sediment tubes. To remove chironomids which remain 
in their tubes, gently pry the tube from the larvae using two forceps. Care must be taken 
not to crush the larvae. Larvae are transferred to weighing dishes. Dry weight is 
determined by drying at 60°C for 24 hours, then weighed as a group and recorded on the 
data sheet. 

Statistical analysis of endpoints are the NOEC and LOEC for survival and growth (weight) 
and LC50 and IC50 by appropriate statistical tests, dependant on data characteristics. For 
screening tests, significant difference for survival and weight is determined by a student's 
t-test between the control and test sediment. 

WRITTEN: 94/11/18 BY: DL 
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STANDARD OPERATING PROCEDURE 

5.0 REPORTING 

A sample test report is appended. The report contains the following information: 

- sample information 
- date, time, and location 
- description of sampling point 
- test facility and conditions 
- name and location of test facility 
- test type and reference 
- protocol deviations 
- test species 
- date and time of test initiation 
- testers 
- initial sample pH, temperature, DO, and conductance 
- indication of aeration 
- information of test design (volumes, loading density) 
- mortality and dry weight at 10 days 
- LCg,, for multiple dilution tests plus 95% confidence limits 
- method of endpoint estimation 

The following information is held on file: 

- sediment 
- sample description and information on sign-in sheet 
- test facility and conditions 
- standard operating procedures 
- information on test organisms (source, acclimation, feeding, etc.) 
- dilution water quality 
- layout and operation of test facility 
- bench sheets and electronic reports 

6.0 QUALITY ASSURANCE 

Criteria for a Valid Test 

-control mortality must not exceed 30% 

7.0 REFERENCES 

Guidance for the Collection, Handling, Transport, Storage, and Manipulation of Sediments 
for Chemical Characterization and Toxicity Testing. 1993. Third Draft. Environment 
Canada, GC048. 

Standard Guide for Conducting Sediment Toxicity Tests with Freshwater Invertebrates. 
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1993. Annual Book of ASTM Standards, vol. 11.04. Water and Environmental Technology. 
E1383-93. 
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STANDARD OPERATING PROCEDURE 

8.0 APPENDIX - PREPARATION OF ARTIFICIAL SEDIMENT 

1) Wash sand, sieve, and retain the following two size groups: medium (0.5 to 0.25 
mm) and fine (0.25 to 0.05 mm). Sand should be mixed at a ratio of 2:1, 
fine:medium. 

2) Clay and silt fractions are obtained using ASP 400. Other clays or silts (e.g. 
Attagel 50, ASP 400P, ASP 600, ASP 900, montmorillonite) might be used if 
specific characteristics are required. 

3) Organic matter (peat, humus, or cow manure) should be dried, milled and passed 
through a 0.84 mm sieve. Note that peat moss should be kept moist and added 
based on determined moisture content. If peat moss dries out, it will not rehydrate, 
and will float on the surface of the water. 

4) Either CaMg(COa)z or CaC03 should be added to buffer the sediments. 

5) All constituents are mixed on a percent dry weight basis. Mix in the following 
ratios: sand (77%); silt/clay (17%); organic matter (5%); buffer (1%). 

OBI 
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Designation: E 1383 - 92 

Standard Guide for 
Conducting Sediment Toxicity Tests with Freshwater 

Invertebrates1 

This standard is issued under the fixed designation E 1383; the number immediately following the designation indicates the year of 
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A 
superscript epsilon (<) indicates an editorial change since the last revision or reapproval. 

1. Scope 
1.1 This guide covers procedures for obtaining laboratory 

data to evaluate adverse effects of contaminants associated 
with whole sediment on freshwater organisms. The methods 
are designed to assess the toxic effects on invertebrate 
survival, growth, or reproduction, from short (for example, 
10 days) or long-term tests, in static or flow-through water 
systems. Sediments to be tested may be collected from field 
sites or spiked with known compounds in the laboratory. 
Test procedures are described for (/) Hyalella azteca, (2) 
Chironomus tentans, (3) Chironomus riparius, and (4) 
Daphnia sp. and Ceriodaphnia sp. Methods described in this 
document should also be useful for conducting sediment 
toxicity tests with other aquatic species, although modifica
tions may be necessary. 

12 Modification of these procedures might be justified by 
special needs. Results of tests conducted using unusual proce-

•

res are not likely to be comparable to results using this 
ide. Comparison of results obtained using modified and 

unmodified versions of these procedures might provide useful 
information concerning new concepts and procedures for 
conducting sediment toxicity tests with freshwater organisms. 

1.3 The results from field collected sediments, used in 
toxicity tests to determine a spatial or temporal distribution 
of sediment toxicity may be reported in terms of'the 
biological effects on survival, growth, or reproduction (see 
Section 16, Calculation). In addition, these procedures are 
applicable to most sediments or chemicals added to sedi
ment Materials either adhering to sediment particles or 
dissolved in interstitial water can be tested. With appropriate 
modifications these procedures can be used: to conduct 
sediment toxicity tests Mien factors such as temperature, 
dissolved oxygen, pH, mid sediment characteristics (for 
example, particle size, organic carbon content, total solids) 
are of interest, or when there is a need to test such materials 
such as sewage sludge, oils and particulate matter. These 
methods might also be useful for conducting bioaccum-
ulation tests. 

1.4 Results of toxicity tests with test materials experimen
tally added to sediments may be reported in terms of an 
LC50 (median lethal concentration), and sometimes an 
EC50 (median effect concentration). Results of tests may be 
reported in terms of an NOEC (no observed effect concen-

1 This guide is under the jurisdiction of ASTM Committee E-47 on Biological 
BPcfiecu *"d Environmental Fate and is the direct responsibility of Subcommittee 

E47.03 on Sediment Toxicology. 
Current edition approved Feb. IS, 1992. Published April 1992. Originally 

published as E 1383 - 90. Last previous edition E 1383 - 90. 

tration) and LOEC (lowest observed effect concentration). 
1.5 This guide is arranged as follows: 
Referenced Documents 2 
Terminology 3 
Summary of Test Methods 4 
Significance and Use' 3 
Interferences 6 
Hazards 7 
Apparatus 8 
Overlying Water 9 
Sediment Characterization 10 
Test Organisms II 
Experimental Design 12 
Procedure 13 
Analytical Methodology 14 
Acceptability of Test 13 
Calculation 16 
Documentation 17 

Annexes 
Al. Hyalella azteca (Amphipoda) 
A2. Chironomus tentans (Diptera) 
A3. Chironomus riparius (Diptera) 
A4. Daphnia sp. and Ceriodaphnia sp. 

1.6 This standard does not purport to address all of the 
safety problems, if any, associated with its use. It is the 
responsibility of the user of this standard to establish appro
priate safety and health practices and determine the applica
bility of riegidatory limitations prior to Use. Specific hazard 
statements are given in Section 7.--

2. Referenced.Documents 

2.1 ASTM Standards: 
D1129 Terminology Relating'to Water2 

D 1193 Specification for Reagent Water2 

D4387 Guide for Selecting Grab Sampling Devices for 
Collecting Benthic Macroinvertebrates3 

D4447 Guide for the Disposal of Laboratory Chemicals 

and Samples3 

- D4823 Guide for Core-Sampling Submerged, Uncon
solidated Sediments4 

E 380 Practice for Use of the International System of 
Units (SI) (the Modernized Metric System)3 

E 729 Guide for Conducting Acute Toxicity Tests with 
.Fishes, Macroinvertebrates,-and Amphibians3 

E943 Terminology Relating'to Biological Effects and 
Environmental Fate3 

E 1023 Guide for Assessing the Hazard of a Material to 

Aquatic Organisms and Their Uses3 

1 Annual Book of ASTM Standards, Vol 11.01. 
1 Annual Book of ASTM Standards, Vol 11.04. 
4 Annual Book of ASTM Standards, Vol 11.02. 
3 Annual Book of ASTM Standards, Vol 14.02. 
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£ 1241 Guide for Conducting Early Life-Stage Toxicity 

Tests with Fishes3 
E 1295 Guide for Conducting Three Brood, Renewal 

Toxicity Tests with Ceriodaphnia Dubia 
E 1297 Test Method for Measuring Fast Neutron Reac

tion Rates by Radioactivation of Niobium 
E 1367 Guide for Conducting 10-day Static Sediment 

Toxicity Tests With Marine and Estuarine Amphipods 
E 1391 Guide for Collection, Storage, Characterization, 

and Manipulation of Sediments for Toxicological 
Testing3 

J. Terminology 
3.1 The words "must", "should", "may","can", and 

"mieht" have very specific meanings in this guide. Must is 
used to express an absolute requirement, that is, to state that 
the test ought to be designed to satisfy the specified condi
tions, unless the purpose of the test requires a 
design. "Must" is only used in connection with the foaore 
that directly relate to the acceptability of the test (see Section 
151 "Should" is used to state that the specified condition is 
recommended and ought to be met if possible Althougha 
violation of one "should" is rarely a serious matter vtolabon 
of several will often render the nsults qu^ionabl^ Terms 
such as "is desirable," "is often desirable, and might be 
desirable" are used in connection with less important factom-
"May" is used to mean "is (are) allowed to, can is used to 
mean "is (are) able to," and "might" is used to mean cotdd 
oossibly " Thus, the classic distinction between may and 
"ran" is preserved, and "might" is never used as a synonym 
for either "may" or "can " 

3.2 Descriptions of Terms Specific to this Standard. 
3.2 1 clean—denotes a sediment or water that does not 

contain concentrations of test materials which cause ap
parent stress to the test organisms or reduce their survival. 

32 2 concentration—the ratio of weight or volume of test 
materials) to the weight or volume of sediment 

32 3 interstitial water—the water within a wet sediment 
that surrounds the sediment particles, expressed as the 
percent ratio of the weight of the water in the sediment to the 
weight of the wet sediment 

12.4 overlying water—the water placed over the whole 
sediment in the test chamber for the conduct of the toxicity 
test and may also include the water used to manipulate the 
sediments. . , 

3.2.5 sediment—a naturally occurring particulate mate
rial which has been transported and deposited at the bottom 
of a body of water, or an experimentally prepared substrate 
within which the test organisms can interact. 

3.2.6 spiking—the experimental addition of a test mate
rial such as a chemical or mixture of chemicak, sewage 
sludge, oil, particulate matter, or highly contaminated sedi
ment to a clean negative control or reference sediment, such 
that the toxicity of the material added can be determined. 
After the test material is added, which may involve a solvent 
carrier, the sediment is thoroughly mixed to evenly distribute 
the test material throughout the sediment. 

3.2.7 whole sediment-distinguished from elutriates, and 

resuspended sediments, in that the whole, intact sediment is 
used to expose the organisms, not a form or derivative of the 

sediment. . . . . 
^ Definitions—For definitions of other terms used in 

thisguidl refer .0 Guides E729. E 1023, E 1241. Tenui-
nology E 943 and D 1129. For an explanation of units and 
symbols, refer to Practice E 380. 

4. Summary of Guide 
4.1 The toxicity of contaminated whole sediments is 

assessed during continuous exposure of aquatic organisms, 
using either static or flow-through exposure systems. Sedi-
Tenl tested may either be collected front field utesorsp.ked 
with a known compound(s). A negative control sediment o 
a reference sediment is used to (a) give a measure of the 
acceptability of the test; (b) provide evidence of the heahh 
and relative quality of the test organisms; (c) determine the 
suitability of the overlying water, test conditions, food, 

and (d) provide a basis for mt^reting 
data obtained from the test sediments. A reference sediment 
is collected from the field in a clean area and represent tiie 
test sediments in sediment charactensucs (for example, 
ralSidcs size, pH). Specified dale are oblained to 
determine the toxic effects on survival, growth, or reproduc
tion, from short (for example, 10 days), or long-term 
exposures to aquatic invertebrates. 

« Annual Book o/ASTM Standards, Vol 12.02. 

5. Significance and Use 
5 t Protection of a species requires averting detrimental 

contaminant related effects on the survival, growth, repro-
SoT££l£ and uses of the individuals of that spec.es 
(1)7 Sediment toxicity tests provide information concerning 
the bioavailability of contaminants associated with sedi
ments to aquatic organisms. Invertebrates occupy an esse -
tial niche in aquatic ecosystems and are an impoitant fool 
source for fish, wildlife, and larger invertebrates. A major 
change in the availability of invertebrate g ather a food 
sounE or as organisms functioning properly in trophic 
5S Snrfer and nutrient cycling, could have serious 
adverse ecological effects on the entire aquatic system. 

5 2 Results from sediment toxicity tests might be an im
portant consideration when assessing the hazards of mate-
Sis on aquatic organisms (see Giude E l023) °r ^en 
deriving sediment quality concentrations for aquatic organ-

^3^ hiformation might also be obtained on accumulation 
of contaminants associated with sediments by analysis of 
animal tissues for the contaminant(s) being 

5 4 The sediment toxicity test might be used to determine 
the temporal or spatial distribution of sediment toxicity. Test 
SoTSin be used to detect horizontal and vertical 

^S^Resultfof1sediment toxicity tests with test materials 
experimentally added to sediments could be used tc' 
SereSties of different species, the toxicity of different 
t«t materials, and to study the effects of vanous^vrmn 
mental factors or results of such tests. Results of sediment 

TThe boldface numbers in parentheses refer to a Us. of references a, the end of 

this standard. 
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toxicity tests are useful for studying biological availability of 
test materials, and structure-activity relationships. 

L5.6 Results of sediment toxicity tests can be used to 
__ "edict effects likely to occur with aquatic organisms in field 
situations as a result of exposure under comparable condi
tions, except that (a) motile organisms might avoid exposure 
and (b) toxicity to benthic organisms can be dependent on 
sediment physical characteristics, dynamics of equilibrium 
partitioning, and the route of exposure. 

5.6.1 Field surveys can be designed to provide either a 
qualitative reconnaissance of the distribution of sediment 
toxicity or a quantitative statistical comparison of toxicity 
among sites. 

5.6.2 Sediment toxicity surveys are usually part of more 
comprehensive analyses of biological, chemical, geological, 
and hydrographic conditions. Statistical correlation can be 
improved and costs reduced if subsamples for sediment 
toxicity tests, geochemical analyses, and benthic community 
structure are taken simultaneously from the same grab of the 
same site. 

5.7 Sediment toxicity tests can be an important tool for 
making decisions regarding the extent of remedial action 
needed for contaminated aquatic sites. 

6. Interferences 
6.1 Limitations to the methods described in this guide 

might arise and thereby influence sediment toxicity test 
results and complicate data interpretation. The following 
factors should be considered when testing whole sediments: 

~ 16.I.I Alteration of field samples in preparation for labo-
Rory testing (for example, sieving), 
6.1.1.1 Maintaining the integrity of the sediment environ

ment during its removal, transport, and testing in the labora
tory is extremely difficult. The sediment environment is com
posed of a myriad of microenvironments, redox gradients and 
other interacting physiochemical and biological processes. 
Many of these characteristics influence sediment toxicity and 
bioavailability to benthic and planktonic organisms, micro
bial degradation, and chemical sorption. Any disruption of 
this environment complicates interpretations of treatment 
effects, causative factors, and in situ comparisons. 

6.1.1.2 Sediments tested at temperatures other than that 
at which they are collected might affect contaminant solu
bility, partitioning coefficients, and other physical and chem
ical characteristics. 

6.1.2 Interaction between sediment and overlying water 
and the influences of the ratio of sediment to overlying 
water, 

6.1.3 Interaction among chemicals present in the sedi
ment, 

6.1.4 Use of laboratory spiked sediment that might not be 
representative of contaminants associated with sediments in 
the field, 

6.1.5 Maintenance of acceptable quality of overlying 
water, 

6.1.6 Addition of food (3) or solvents to the test chambers 
^that might obscure the adverse influence of contaminants 
ahpociated with sediment, provide an organic substrate for 
^Bmcterial or fungal growth, and might affect water quality 

characteristics (4), 
6.1.7 Resuspension of sediment during the toxicity test, 

m 

6.1.8 Natural geochemical properties of test sediment 
collected from the field that might not be within the 
tolerance limits of the test species, 

6.1.9 Recovery of test organisms from the sediment, 
6.1.10 Field collected sediments that may contain indige

nous organisms including predators, the same or closely 
related species to that being tested, and microorganisms (for 
example, bacteria and molds) and algae species that might 
grow in or on the sediment and test chamber surfaces, and 

6.1.11 Test material concentrations that might be reduced 
in the overlying water in flow-through testing, and com
pounds such as ammonia that might increase during testing. 

6.2 Static tests might not be applicable with materials that 
are highly volatile or rapidly transform biologically or 
chemically. The dynamics of test material partitioning be
tween solid and dissolved phases at the start of the test 
should therefore be considered, especially in relation to 
assumptions of chemical equilibria. 

7. Hazards 

7.1 Many substances pose health risks to humans if 
adequate precautions are not taken. Information on toxicity 
to humans, recommended handling procedures, and chem
ical and physical properties of the test material should be 
studied before a test is begun and made aware to all 
personnel involved (5, 6, 7, 8). Contact with test materials, 
overlying' water and sediments should be minimized. 

7.1.1 Many materials can adversely affect humans if 
precautions are inadequate. Skin contact with test materials 
and solutions should be minimized by such means as 
wearing appropriate protective gloves, laboratory coats, 
aprons, and safety glasses, and by using dip nets, sieves or 
tubes to remove test organisms from overlying water. When 
handling hazardous sediments the proper handling proce
dures might include sieving and distributing sediments under 
a ventilated hood or in an enclosed glove box, enclosing and 
ventilating the toxicity testing water bath, and use of 
respirators, aprons, safety glasses, and gloves. Field collected 
sediments might contain toxic materials and should be 
treated with caution to minimize occupational exposure to 
workers. Worker safety should also be considered when 
working with spiked sediments containing organics or inor
ganic contaminants, those that are radio-labeled, and with 
materials that are, or are suspected of being, carcinogenic (7). 

7.2 Careful considerations should be given to those chem
icals which might biodegrade, transform to more toxic com
ponents, volatilize, oxidize, or photolyze during the test 
period. 

7.3 For tests involving spiked sediments with known test 
materials, removal or degradation of test material before 
disposal of stock solutions, overlying water, and sediments is 
sometimes desirable. 

7.4 Health and safety precautions and applicable regula
tions for disposal of stock solutions, test organisms, sedi
ments, and overlying water should be considered before 
beginning a test (see Guide D 4447). 

7.5 Cleaning of equipment with a volatile solvent such as 
acetone should be performed only in a well-ventilated area in 
which no smoking is allowed and no open flame such as a 
pilot light is present 

7.6 An acidic solution should not be mixed with a 

hypo 
prodi 
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hypochlorite solution because hazardous fumes might be 

^ To prepare dilute acid solutions .concentrated^ acid 
should be added to water, not vice versa. Opening^a ^ °f 
concentrated acid and adding concentrated acid to water 
should be performed only in a fume hood. 

7 8 Use of ground fault systems and leak delectors 
strongly recommended to help prevent electrical shocks. 

g. Apparatus 
8 l facilities—The facility should include constant^tem-

nerature areas for culturing and testing to reduce the 
possibility of contamination by test materials and 
Substances especially volatile compounds. Holding, acchma-
hon anTcSSre tanks should not be in a room in which 
toxicity tests are conducted, stock solutions or test solutions 
""iSTr equipment is cleaned. Test chambers may 
he placed in a temperature controlled recirculating water 
£th ofa constant-temperature area. Air used for aerauon 
should be free of fumes, oil, and water Filters to remove oU 
water, and bacteria are desirable. Air filtration throu^a 0.22 
um bacterial filter or other suitable system may be used-T 
Test facility should be well ventilated and fn* ofJ"mes' 
Enclosures might be desirable to ventilate test chambers. 

8.1.1 If a photoperiod other than conUnuoushght^us^ 
a timing device should be used to provide a UghLdarkness 
cycle A 15- to 30-min transition period (9) when lights go on 
S off might be desirable to reduce the P°.^f y ^ te^ 
organisms being stressed by 
transition period when lights go off might ^J* 

8 2 Construction Materials—Equipment and faciliues 
that contact stock solutions, test solutions, sedimen and 
overlying water, into which test organisms will be placed, 
should not contain substances that can be leach 
dissolved in amounts that adversely affect the testor^n«ms 
In addition, equipment and facilities that contoct sedirnem 
or water should be chosen to minimize sorpuon of test 
materials from water. Glass, type 316 
high density polyethylene, polycarbonate and fluorocarbon 
Sics should be used whenever possible to miiumue 
kachinE. dissolution, and sorption. Concrete and ngi 
(unplasticized) plastics may be used for holding, 
and culture tanks, and in the water-supply system, but these 
materials should be soaked, preferably in flowing water, or a 
week or more before use (10). Cast-iron pipe sshouldprob^ 
ably not be used in freshwater-supply systems because 
colloidal iron will be added to the overlying water and 
strainers will be needed to remove rust particles. Copper, 
brass, lead, galvanized metal, and natural rubber should not 
S^veSing water or stock solutions J^ore or dun^ 
the test. Items made of neoprene rubber and other matenafc 
not mentioned above should not be used unl^it has been 
shown that their use will not adversely affect survival, 
growth, or reproduction of the test organisms. , . _ 

8 3 Water Delivery System—The water dehveiy system 
used in flow-through testing can be one of several designs^ 
The system should be capable of delivering water to each 
replicate test chamber. Several designs of diluter systemsare 
currently in use; Mount and Brungs (11) ddu^av^ ̂ n 
successfully modified for sediment tesung andotherdiluter 
sySms have also been useful according to Ingersoll and 

Nelson (4) and Maki (12). Various metering systems, using 
different combinations of siphons, pumps, solenoids, valves 
etc., have been used successfully to control the flow rates of 

8 2>\ The metering system should be calibrated before the 
test'by determining the flow rate of the overlying water 
through each test chamber. The general operation of the 
metering system should be visually checked daily throughout 
Se conduct of the test. If necessary, the water delivery 
system should be adjusted dunng the test. At any particular 
S during the lest, flow mles through any two test 
chambers should not differ by more than 10 %. 

8 4 Test Chambers: 
8 4 1 In a toxicity test with aquatic organisms, test cham

bers are defined as the smallest physical units between which 
there are no water connections. However, screens, cups, etc., 
may be usetTto create two or more compartments within 
each chamber. Therefore, the overlying water can flow from 
one compartment to another within a 
definition, cannot flow from one cumber to miothen A1 
test chambers and compartments if used, in a sediment 
Siritv?e£ must be identical. For the statte tests cove 
watch glasses may be used to fit over the lop of the test 
chambers such that an aeration Up is accommodated. 

8 4.2 Test chambers may be constructed in several ways 
of various materials, depending on tiie experimental ton 
and the contaminants of interest Clear silicone adhesive 
suitable for aquaria, sorb some orotic compoun^ wluch 
might be difficult to remove. Therefore as Uttie adhratw 
noSible should be in contact with test soluhon. If extra beads 
of adhesive are needed, they should be on out*de of the 
* pet chambers rather than on the inside. To leach potentially 
toxic compounds from the adhesive, all in®^test.cha°5e^ 
constructed using silicone adhesives should be acclimated at 
SHfhiin overlying water used in the sediment toxicity 

tC8.4.3 Species-specific information on test chambers is 
given in Annexes A1 through A4. 

8 5 Test 'chambers, water delivery systems, equipment 
usL to prep^anH^re overlying water, and stock solu-
tions should be cleaned before use. Nwrt® should bt 
washed in the following manner (a) detergent wash, (0) 
water rinse, (c) water-misrible °5gamc,̂ encln^a2 
water rinse (e) add wash (such as 10% contxntraieu 
hydrochloric add), and (J) rinsed at least twice with ^stdl^ 
deionized, or overlying water. Test chambers should be 

*iBSOluble 

in water. A in water A dichromatcsulfuric aad cleaning soiuuo.^. 
lenS beSedin place of both the organic solvent and the 
Lid (see Guide E 729), but the solution might attack silicon 
adhesive and leave chromium residues on 8»ss- . 

8.5.3 Upon completion of a tea, nil .terns 
Should be immediutely empued of sedment and overtyt^ 
water (and properly disposed), nnsed with water, cleaneo y 

a procedure appropriate -TSlL _ 
example, add to remove metals and bases, detetgen , 

St. or activated dta b -- SLfSeJl 
and rinsed at least twice with disUlled, deionizeu, 
lying water, in that order. 
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8.6 Acceptability—Before a toxicity test is conducted in 
new test facilities, it is desirable to conduct a "non-toxicant" 

,t, in which all lest chambers contain a negative control or 
"erence sediment, and overlying water with no added test 

material. Survival, growth, or reproduction of the test species 
will demonstrate whether facilities, water, control sediment, 
and handling techniques are adequate to result in acceptable 
species-specific control numbers. The magnitude of the 
within-chamber and between-chamber variance should also 
be determined. 

9. Overlying Water 
9.1 Requirements—Besides being available in adequate 

supply, overlying water used in toxicity tests, and water used 
to hold organisms before testing, should be acceptable to test 
species and uniform in quality. To be acceptable to the test 
species, the water must allow satisfactory survival and 
growth, without showing signs of disease or apparent stress, 
such as discoloration, or unusual behavior. 

9.2 Source: 
9.2.1 Natural overlying water should be uncontaminated 

and of constant quality and should meet the following 
specifications as established in Guide E 729. The values 
stated help to ensure that test organisms are not apparently 
stressed during holding, acclimation, and testing, and that 
test results are not unnecessarily affected by water quality 
characteristics: 

Paniculate matter <5 mg/L 
TOC <5 mg/L 
COD <5 mg/L 
Residual chlorine <11 ug/L 

9.2.1.1 A natural overlying water is considered to be of 
uniform quality if the monthly ranges of the hardness, 
alkalinity, and specific conductance are less than 10 % of 
their respective averages and if the monthly range of pH is 
less than 0.4 unit Natural overlying waters should be 
obtained from an uncontaminated well or spring, if possible, 
or from a surface water source. If surface water is used, the 
intake should be positioned to minimize fluctuations in 
quality and the possibility of contamination and maximize 
the concentration of dissolved oxygen and to help ensure low 
concentrations of sulfide and iron. Municipal water supplies 
often contain unacceptably high concentrations of copper, 
lead, zinc, fluoride, chlorine or chloraniines, and quality is 
often variable (13). Chlorinated water should not be used for, 
or in the preparation of, overlying water because residual 
chlorine and chlorine-produced oxidants are toxic to many 
aquatic animals (14). Dechlorinated water should only be 
used as a last resort, because dechlorination is often incom
plete. 

9.2^ For certain applications the experimental design 
might require use of water from the test sediment collection 
site. 

9.2.3 Reconstituted water is prepared by adding specified 
amounts of reagent grade8 chemicals to high quality distilled 

* "Reagent Chemicals, American Chemical Society Specifications," Am. Chem-
Soc., Washington. DC. For suggestions on the testing of reagents not listed by 

the American Chemical Society, see "Reagent Chemicals and Standards," by 
Joseph Rosin, D. Van Nostrand Co.. Inc., New York, NY, and the "United States 
Pharmacopeia." 

or deionized water (see Guide E 729). Acceptable water can 
be prepared using deionization, distillation, or reverse-
osmosis units. Conductivity, pH, hardness and alkalinity 
should be measured on each batch of reconstituted water. If 
the water is prepared from a surface water, total organic 
carbon or chemical oxygen demand should be measured on 
each batch. Filtration through sand, rock, bag, or depth-type 
cartridge filters may be used to keep the concentration of 
particulate matter acceptably low. The reconstituted water 
should be intensively aerated before use, except that buffered 
soft fresh waters should be aerated before, but not after, 
addition of buffers. Problems have been encountered with 
some species in some fresh reconstituted waters, but these 
problems can be overcome by aging the reconstituted water 
for one or more weeks. 

9.3 Characterization: 
9.3.1 The following items should be measured at least 

twice each year, and more often if such measurements have 
not been determined semiannually for at least two years, or if 
surface water is used: pH, particulate matter, TOC, organo-
phosphorus pesticides, organic chlorine (or organochlorine 
pesticides plus PCBs), chlorinated phenoxy herbicides, am
monia, cyanide, sulfide, bromide, chloride, fluoride, iodide, 
nitrate, phosphate, sulfate, calcium, magnesium, sodium, 
potassium, aluminum, arsenic, beryllium, boron, cadmium, 
chromium, cobalt, copper, iron, lead, manganese, mercury, 
molybdenum, nickel, selenium, silver, and zinc, hardness, 
alkalinity, and conductivity (see Guide E 729). 

9.3.2 For each method used the detection limit should be 
below the concentration in the overlying water, or below the 
lowest concentration that has been shown to adversely affect 
the test species (14). 

9.3.3 Water that might be contaminated with facultative 
pathogens may be passed through a properly maintained 
ultraviolet sterilizer (15) equipped with an intensity meter 
and flow controls or passed through a filter with a pore size 
of 0.45 pm or less. 

9.3.4 Water might need intense aeration using air stones, 
surface aerators, or column aerators (16; 17,18). Adequate 
aeration will stabilize pH, bring concentrations of dissolved 
oxygen and other gases into equilibrium with air, and mini
mize oxygen demand and concentrations of volatiles. The con
centration of dissolved oxygen in water should be between 
90 % and 100 % saturation (19) to help ensure that dissolved 
oxygen concentrations are acceptable in test chambers. 

10. Sediment Characterization 
10.1 General—Before the preparation or collection of 

sediment an approved written procedure should be prepared 
for the handling of sediments which might contain unknown 
quantities of toxic contaminants (see Section 7, Hazards). All 
sediments should be characterized and at least the following 
determined: pH, organic carbon content (total organic 
carbon TOC) or total volatile sulfides, particle size distribu
tion (percent sand, silt, clay), and percent water content (20, 
21). Other analyses on sediments might include biological 
oxygen demand, chemical oxygen demand, cation exchange 
capacity, Eh, pE, total inorganic carbon, total volatile solids, 
acid volatile sulfides, total ammonia, metals, otganosilicones, 
synthetic organic compounds, oil and grease, petroleum 
hydrocarbons, and interstitial water analysis. Macrobenthos 
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may be determined by a subsample of the field collected 
sediment. Toxicological results might provide information 
directing a more intensive analysis. Sediment toxicity testing 
procedures are detailed in Section 13, Procedures. 

10.2 Negative Control and Reference Sediment—A nega
tive control sediment or a reference sediment is used to (a) 
give a measure of the acceptability of the test, (b) provide 
evidence of the health and relative quality of the test 
organisms, (c) determine the suitability of the overlying 
water, test conditions, food, handling procedures, and (a) 
provide a basis for interpreting data obtained from the test 
sediments. Every test requires a negative sediment control 
(sediment known to be nontoxic to, and within the 
geochemical requirements of the test species) or a reference 
sediment. A reference sediment should be collected from the 
field in a clean area and represent the test sediment in 
sediment characteristics (for example, TOC, particles size, 
pH). This provides a site-specific basis for comparison of 
toxic and non-toxic conditions. The same overlying water, 
conditions, procedures, and organisms should be used as in 
the other treatments, except that none of the test matenal(s) 
being tested, or contaminated field collected sediments, is 
added to the negative control or reference sediment test 
chambers. 

10.2.1 If a field sediment has properties such as grain size 
and organic content that might exceed the tolerance range of 
the test species, it is desirable to include a reference sediment 
for these characteristics. 

10.3 Field Collected Test Sediment: 
10.3.1 Collection (see Section 7, Hazards)—A benthic 

grab or core should be used rather than a dredge to minimize 
disruption of the sample (see Guides D 4387 and E 1391). If 
the sediment is obtained with a grab, it is preferable to collect 
a sediment sample from the upper 2 cm. This operation is 
faf-nitatpH if the grab can be opened from the top so that the 
undisturbed sediment surface is exposed. The sample should 
be transferred to a clean (see 8.5) sample container. If the 
contaminants associated with sediments include compounds 
that readily photolyze, minimize direct sunlight during 
collection. All sediment samples should be cooled to 4 ± 2"C 
in the field. . 4 . 

10.3.2 Storage—Sediment samples should be stored at 4 
± 2"C and for no longer than two weeks before the start of 
the test Freezing and longer storage might change sediment 
properties and should be avoided (see Guide E 1391). 
Sediment may be stored in containers constructed of suitable 
quality as outlined in 8.2. It is desirable to avoid contact with 
metals, including stainless steel and brass sieving screens, and 
some plastics. The samples should be thoroughly mixed and 
may be wet-press sieved through a suitably sized sieve to 
remove large particles and indigenous organisms, especially 
predators. Sediment may be diluted and mixed in a 1 to 1 
ratio with overlying water to facilitate sieving (22) (see 
Section 6, Interferences). . 

10.3.3 If the experimental design prescribes not sieving a 
field collected sediment, obvious large predators or other 
large organisms should be removed by using forceps. If 
sediment is to be collected from multiple field samples and 
pooled to meet technical objectives, the sediment should be 
thoroughly homogenized by stirring, or with the aid of a 

rolling mill, feed mixer, or other suitable apparatus (see 

Guide E 1391). 
10.3.4 Additional samples may be taken from the same 

grab for other kinds of sediment analyses (see 10.1). Qualita
tive descriptions of the sediment may include color, texture, 
presence of macrophytes, animals, tracks, and burrows. 
Monitoring the odor of sediment samples should be avoided 
because of hazardous volatile contaminants (see Section 7, 
Hazards). 

10.3.5 The natural geochemical properties of test sedi
ment collected from the field must be within the tolerance 
limits of the test species. The limits for the test species should 
be determined experimentally in advance (see 10.2). Con
trols for such factors as particle size distribution, organic 
carbon content, pH, etc., should be run if the limits are 
exceeded in the test sediments (23). 

10 4 Laboratory Spiked Sediment—Test sediment can 
also be prepared in the laboratory by manipulating the 
properties of the negative control or the reference sediment. 
This can include adding chemicals or complex waste mix
tures (see 1.4) (24). The toxicity of substances either dis
solved in the interstitial water or adsorbed to sediment 
particles can be determined experimentally. 

10.4.1 The test material(s) should be reagent grade or 
better, unless a test on formulation commercial product (25), 
or technical-grade or use-grade material is specifically 
needed. Before a test is started, the following should be 
known about the test material: (a) the identity and concen
tration of major ingredients and impurities, (b) water solu
bility in test water, (c) estimated toxicity to the test species 
and to humans, (d) precision and bias of the analytical 
method at the planned concentration(s) of the test material, 
i f  t he  t e s t  concen t r a t i on ( s )  a r e  t o  be  measu red ,  and  ( e )  
recommended handling and disposal procedures. The tox
icity of the test material in sediments may be quite different 
from the toxicity in water borne exposures. 

10.4.2 Slock Solutionis)—Test materials) to be tested in 
sediment should be dissolved in a solvent to form a stock 
solution that is then added to the sediment. The maximum 
concentration of the solvent in the sediment should be at a 
concentration that does not affect the test species. The 
concentration and stability of the chemical in the stock 
solution should be determined before beginnning the test. If 
the chemical(s) is subject to photolysis, the stock solution 
should be shielded from the light both before and dunng the 
process of mixing into the sediment. If a solvent other than 
water is necessary (the preferred solvent is water), it should 
be one which can be driven off (for example, evaporated) 
leaving only the test chemical on the sediments. Concentra
tions of the chemical in the water and sediment should be 
monitored before the test begins. 

10.4.3 If a solvent other than water is used, both a 
sediment solvent control and a sediment negative control or 
reference sediment must be included in the test. The solvent 
control must contain the highest concentration of solvent 
present and must use solvent from the same batch used to 
make the stock solution (see Guide E729). The same 
concentration of solvent should be used in all treatments^ 

10.4.3.1 Triethylene glycol is often a good organic solvent 
for preparing stock solutions because of its low toxicity to 
aquatic animals, low volatility, and ability to dissolve many 
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organic chemicals. Other water-miscible organic solvents, 
such as methanol, ethanol or acetone may be used, but they 

4H^ht affect total organic carbon levels, introduce toxicity, 
^Pfr the geochemical properties of the sediment, or stimulate 

undesirable growths of microorganisms (see Section 6, Inter
ferences). Acetone is highly volatile and might leave the 
system more readily than methanol or ethanol. A surfactant 
should not be used in the preparation of a stock solution 
because it might affect the bioavailability, form and toxicity 
of the test material. 

10.4.4 If the concentration of solvent is not the same in all 
test solutions that contain test material, either a solvent test 
should be conducted to determine whether survival, growth, 
or reproduction of the test organisms is related to the 
concentration of the solvent over the range used in the 
toxicity test, or such a solvent test already conducted using 
the same overlying water and test species. If survival, growth, 
or reproduction is found to be related to the concentration of 
solvent, a sediment toxicity test with that species in that 
amount of solvent is unacceptable if any treatment con
tained a concentration of solvent in that range. 

10.4.4.1 If the test contains both a negative control and a 
solvent control, the survival, growth, or reproduction of the 
organisms tested in the two controls should be compared (see 
Guide E 1241). If a statistically significant difference in 
either survival, growth, or reproduction is detected between 
the two controls, only the solvent control may be used for 
meeting the acceptability of the test and as the basis for 
peculation of results. The negative control might provide 

^Bfitional information on the general health of the organ-
^Ks tested. If no statistically significant difference is de

tected, the data from both controls should be used for 
meeting the acceptability of the test and as the basis for 
calculation of results (see 9.2.4.3 of Guide E 1241). 

10.4.5 Test Concentration(s) for Laboratory Spiked Sedi
ments: 

10.4.5.1 If the test is intended to allow calculation of an 
LC50, the test concentrations should bracket the predicted 
LC50. The prediction might be based on the results of a test 
on the same or a similar test material on the same or a 
similar species. The LCSO of a particular compound may 
vary depending on physical and chemical sediment charac
teristics. If a useful prediction is not available, it is desirable 
to conduct a range-finding test in which the organisms are 
exposed to a control and three or more concentrations of the 
test material that differ by a factor often. 

10.4.5.2 If necessary, concentrations above aqueous solu
bility can be used, as indigenous organisms are at times 
exposed to concentrations above solubility in the real world 
(see Guide E 729). 

10.4.5.3 Bulk sediment chemical concentrations might be 
normalized to factors other than dry weight. For example, 
concentrations of non-polar organic compounds might be 
normalized to sediment organic carbon content, and metals 
normalized to acid volatile sulfides. 

^—10.4.5.4 In some situations (for example, regulatory) it 
^^•ghl be necessary to only determine whether a specific 
^Kncentration of test material is toxic to the test species, or 

whether the LCSO is above or below a specific concentration. 
When there is interest in a particular concentration, it might 

only be necessary to test that concentration and not to 
determine the LC50. 

10.4.6 Addition of test material(s) to sediment may be 
accomplished using various methods, such as a (a) rolling 
mill, (i) feed mixer, or (c) hand mixing (see Guide E 1391). 

10.4.6.1 Modifications of the mixing techniques might be 
necessary to allow time for a test material to equilibrate with 
the sediment. If tests are repeated, mixing conditions such as 
duration and temperature of mixing, and time of mixing 
before the test starts, should be kept constant. Care should be 
taken to ensure that a test material added to sediment is 
thoroughly and evenly distributed within the sediment. If 
necessary, subsamples of the sediment within a mixing 
container can be analyzed to determine degree of mixing and 
homogeneity. 

11. Test Organisms 
11.1 Species—Whenever possible and appropriate, tests 

should be conducted with species listed in the Appendices. 
Use of these species is encouraged to increase comparability 
of results. The source and type of sediment being tested or 
the type of test to be implemented might dictate selection of 
a particular species. The species used should be selected 
based on availability, sensitivity to a test material(s), and 
tolerance to ecological conditions such as temperature, grain 
size, and ease of handling in the laboratory. The species used 
should be identified using an appropriate taxonomic key. 

11.2 Age—All organisms should be as uniform as possible 
in age and size class. The age or size class for a particular test 
species should be chosen so that sensitivity to test materials is 
not afTected by state of maturity, reproduction, or other 
intrinsic life-cycle factors (see Annexes A1 through A4). 

11.3 Source—All organisms in a test must be from the 
same source. Organisms may be obtained from laboratory 
cultures, commercial, state or federal institutions, or natural 
populations from clean areas. Laboratory cultures of test 
species can provide organisms whose history, age, and 
quality are known. Local and state agencies might require 
collecting permits. 

11.4 Quality—Analysis of the test organisms for the test 
material(s) is desirable, as it might be present in the 
environment, and other chemicals to which major exposure 
might have occurred. 

11.5 Brood Stock—Brood stock should be cared for prop
erly so as not to be unnecessarily stressed (see Annexes A1 
through A4). To maintain organisms in good condition and 
avoid unnecessary stress, they should not be crowded and 
should not be subjected to rapid changes in temperature or 
water quality characteristics. 

11.6 Handling—Test organisms should be handled as 
little as possible. When handling is necessary, it should be 
done as gently, carefully, and as quickly as possible. Organ
isms should be introduced into solutions beneath the air-
water interface. Any organisms that touch dry surfaces, are 
dropped, or injured during handling should be discarded. 

12. Experimental Design 
12.1 Decisions concerning the various aspects of experi

mental design, such as the number of treatments, number of 
test chambers and test organisms per treatment, and water 
quality characteristics, should be based on the purpose of the 

i • 
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test and the type of procedure that is to be used to calculate 
results (see Section 16, Calculation). A test intended to allow 
calculation of a specific endpoinl such as an LC50 should 
consist of a negative control sediment, a solvent control(s), a 
reference sediment, and several test sediments (see Section 
10, Sediment Characterization). 

12.2 The object of a qualitative reconnaissance survey is 
to identify sites of toxic conditions that warrant further 
study. It is often conducted in areas where little is known 
about contamination patterns. To allow for maximum 
spatial coverage, the survey design might include only one 
sample from each site. The lack of replication usually 
precludes statistical comparisons, but identification of sam
ples for further study is possible, where survival, growth, or 
reproduction differ from the negative control or reference 
sediment. A useful summary of field sampling design is 

presented by Green (26). 
12.2.1 The object of a quantitative statistical companson 

is to test for statistically significant differences in effects (see 
13.12) among negative control or reference sediments and 
test sediments from several sites. The number of replicates 
needed per site is a function of the need for sensitivity or 
power. Replicates (for example, separate samples from 
different grabs taken at the same site) should be taken at each 
site in the survey. Separate subsamples from the same grab 
might be used to test for within-grab variability, or split 
y»mpW of composited sediment from one or more grabs 
might be used for comparisons of test procedures (such as 
comparative sensitivity among test species), but these 
subsamples should not be considered to be true replicates for 
statistical comparisons among sites. 

12.2.2 Site locations might be distributed along a known 
pollution gradient, in relation to the boundary of a disposal 
site, or at sites identified as being toxic in a reconnaissance 
survey. Comparisons can be made in both space and time 
(see Section 16, Calculation). In pre-dredging studies, a 
ompling design can be prepared to assess the toxicity of 
gimpli*s representative of the project area to be dredged. 

a dp*ign should include subsampling cores taken to the 
project depth. 

12.3 Laboratory Experiments—The primary focus of the 
physical and experimental test design, and statistical analysis 
of the data, is the experimental unit, which is defined as the 
smallest physical entity to which treatments can be inde
pendently assigned (27). Because overlying water or air 
cannot flow from one test chamber to another the test 
chamber is the experimental unit (see 8.4). As the number of 
test chambers per treatment increases, the number of degrees 
of freedom increases, and, therefore, the width of the 
confidence interval on a point estimate, such as an LC50, 
decreases, and the power of a significance test increases (see 
Section 16, Calculation). Because of factors that might affect 
results within test chambers and results of the test: (a) all test 
chambers should be treated as similarly as possible, such as 
temperature and lighting (unless these are the variables 
tested), and (b) each test chamber, including replicate test 
chambers, must be physically treated as a separate entity. 
Treatments must be randomly assigned to individual test 
chamber locations. Assignment of test organisms to test 
chambers must be randomized. 

13. Procedure 
13.1 Sediment into Test Chambers—The day before the 

toxicity test is started (Day -1) each test sediment, reference 
sediment, and negative control sediment should be mixed 
and a sample added to the test chambers (4, 24, 28). 
Sediment depth in the test chamber is dependent on the 
experimental design and the test species (see Annexes A1 
through A4 and 6.1.2). Each test chamber and replicates 
must contain the same amount of sediment, determined 
either by volume or weight. 

13.1.1 The sediment aliquot in each test chamber should 
be settled by smoothing with a utensil constructed of a 
suitable material (see 8.2). If beakers are used, bubbles can be 
removed by either tapping the test chamber against the palm 
of the hand or by displacement of bubbles with the utensil. 
After the sediment is placed in the test chambers, overlying 
water should be added. The overlying water should be gently 
poured along the side of the test chamber to prevent 
resuspension of the sediment 

13.2 Static Testing—Overlying water should be added to 
the test chambers at the volume specified by the experi
mental design. Watch glasses should be used to cover the test 
chambers and overlying water gently aerated. Aeration can 
be provided to each test chamber through a 1-mL glass pipet 
that extends between the beaker spout and the watch glass 
cover to a depth not closer than 2 cm from the sediment 
surface. Air should be bubbled into the test chambers at a 
rate that does not cause turbulence or disturb the sediment 
surface. To allow any suspended sediments to settle, the test 
organisms should not be introduced into the test system for 
between 12 and 24 h. Water quality characteristics should be B 
measured prior to the addition of the test organisms (see 
13.11). . L ... 

13.2.1 Water lost to evaporation or splattenng should be 
replaced as needed with temperature acclimated de-ionized 
water or overlying water. The water quality of the overlying 
water in static sediment toxicity tests (water hardness, alka
linity, total dissolved solids, and dissolved oxygen) might be 
altered by the presence of sediment (4) or by the addition of 
food to the test chamber (3). These changes in water quality 
characteristics might influence the availability of contami
nants to the test organisms (see Section 6, Interferences). 

13.3 Flow-Through Testing—The water-delivery system 
should be turned on before a test is started to verify that the 
system is functioning properly. The water flow to each test 
chamber should not differ by more than 10 % (see 8.3.1). 
The total volume flow per hour for continuous flow diluters 
should be recorded. 

13.3.1 After the sediment has been added (Day -I), 
overlying water is added to the test chambers (see 13.2). After 
aliquots are removed for water quality determinations (Day 
0), overlying water flow is started prior to the addition of the 
test organisms and food (4). 

13.4 Duration of Test—The test begins when test organ
isms are first placed in the test chambers (Day 0) and con
tinues for the duration specified in the experimental design 
for a specific test organism (see Annexes A1 through A4). 

13.5 Dissolved Oxygen—The dissolved oxygen concentra^^ 
tion in each test chamber should be measured in at least 
test chamber in each treatment (a) at the beginning and end 
of the test and at least weekly (if possible) during the test, (b) 
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whenever there is an interruption of the flow of air (static 
tests) or water (flow-through tests), and (c) whenever the 
behavior of the test organisms indicates that the dissolved 
oxygen concentration might be too low (for example, emer
gence from the sediment). A measured dissolved oxygen 
concentration should be >40% and <100% saturation 
(12.4.2 of Guide E 729). 

13.6 Overlying Water Quality Measurements—Conduc
tivity, hardness, pH, and alkalinity should be measured in all 
treatments at the beginning and end of a short-term test, and 
at least weekly during a long-term test, using appropriate 
ASTM standards when possible. 

13.7 Temperature—Test temperature depends upon the 
species used (see Annexes A1 through A4). Other tempera
tures may be used to study the effect of temperature on 
survival, growth, or reproduction of test organisms, and 
contaminant related properties (for example, bioavailability). 
The daily mean test temperature must be within ±1*C of the 
desired temperature. The instantaneous temperature must 
always be within ±3*C of the desired temperature. 

13.8 Feeding—Recommended food, ration, method, and 
frequency of feeding test organisms are contained in Annexes 
A1 through A4. The food used should be analyzed for the 
test material and other possible contaminants. A batch of 
food may be used if it will support normal function. Detailed 
records on feeding rates and appearance of the sediment 
should be made daily. 

13.9 Debris—Any floating debris may be skimmed from 
the test chambers before test organisms are added. This can 
be accomplished with a piece of fine nylon screen or other 
suitable material. If more than 0.1 g of floating debris is 
removed, an analysis should be performed to determine the 
amount of chemical removed from the system (25). 

13.10 Light—For sediment toxicity tests various 
light;darkness regimes can be used depending on the species 
being tested (see Annexes A1 through A4) and various 
experimental designs. 

13.11 Acclimation—Test organisms should be acclimated 
if they are cultured in water different from the overlying 
water or temperature (4) (see Annexes A1 through A4). 

13.12 Biological Data—Effects indicating toxicity of test 
sediment include mortality and sublethal effects on growth, 
maturation, behavior, and reproduction. Test chambers 
should be observed at least daily. At the end of the exposure 
period, recovery of the test organisms from sediments should 
be accomplished following the methods outlined for each 
species (see Annexes A1 through A4). 

13.13 Other Measurements: 
13.13.1 Field Sediment—Sediment samples should be 

collected from the same grab for analysis of sediment 
physical and chemical characterizations. A separate sample 
for benthic faunal analyses may be desirable (see Guide 
D 4387). 

13.13.2 Laboratory Spiked Sediments—At the beginning 
and at the end of the experiment, measurement of the 
concentration of the test material(s) in both stock solutions 
and sediment is desirable. To monitor changes in sediment 
or interstitial water chemistry during the course of the 
experiment, separate sediment chemistry chambers should 
be set up and sampled at the start and end of the experiment. 
It is not necessary to add test organisms to these chambers at 

the beginning of the test, but for later sampling, test 
organisms should be added after the initial sample is taken. 

13.13.2.1 Concentration of lest material(s) in overlying 
water, interstitial water, and sediment should be measured at 
several concentrations and as often as practical during the 
test. If possible, the concentration of the test material in 
overlying water, interstitial water and sediments should be 
measured at the start and end of the test. Measurement of 
test material(s) degradation products might also be desirable. 

13.13.2.2 Measurement of test material(s) concentration 
in water can be accomplished by pipeting water samples 
from a point midway between top, bottom and sides of the 
test chamber. Overlying water samples should not contain 
any surface scum, any material from the sides of the test 
chamber, or any sediment. 

13.13.2.3 Measurement of test material(s) concentration 
in sediment at the end of a test can be taken by siphoning the 
overlying water without disturbing the surface of the sedi
ment, then removing appropriate aliquots of the sediment 
for chemical analysis. 

13.13.2.4 Interstitial water can be sampled by using the 
wa te r  t ha t  ( a )  comes  t o  t he  su r f ace  i n  a  mix ing  appa ra tu s ,  ( b )  
is on the surface of the sediment after it settles, (c) is 
separated from the sediment particles by centrifuging a 
sediment sample, (d) is filtered through an apparatus to 
extract interstitial water, (e) has been pressed out of the 
sediment, or (/) by using an interstitial water sampler. Care 
should be taken to ensure that contaminants do not trans
form, degrade, or volatilize during the interstitial water 
sample preparation (see Guide E 1391). 

14. Analytical Methodology 
14.1 Chemical and physical data should be obtained using 

appropriate ASTM standards whenever possible. For those 
measurements for which ASTM standards do not exist or are 
not sensitive enough, methods should be obtained from 
other reliable sources (29). 

14.2 Concentrations should be measured for contami
nants in bulk sediment, test material(s) in the interstitial 
water, test material(s) in the overlying water, and test 
material(s) in the stock solution. In addition, measurement 
of either the apparent dissolved or undissolved substances of 
the test material(s) is desirable. The apparent dissolved 
material is defined and determined as that which passes 
through a 0.45 pm membrane filter. 

14.2.1 If samples of overlying water from test chambers, 
stock solutions, test sediment, or interstitial water are not to 
be analyzed immediately, they should be handled and stored 
appropriately (30) (see Section 10, Sediments). 

14.3 Methods used to analyze food or test organisms 
should be obtained from appropriate sources (31). 

14.4 The precision and bias of each analytical method 
used should be determined in an appropriate matrix: that is, 
sediment, water, tissue. When appropriate, reagent blanks, 
recoveries, and standards should be included when samples 
are analyzed. 

15. Acceptability of Test 
15.1 A sediment toxicity test should be considered unac

ceptable if one or more of the following occurred, except, for 
example, if temperature was measured numerous times, a 
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deviation of more than 3°C (see 13.6) in any one measure
ment might be inconsequential. However, if temperature was 
measured only a minimal number of limes, one deviation of 
more than 3*C might indicate that more deviations would 
have been found if temperature had been measured more 
often. 

15.1.1 All test chambers (and compartments) were not 
identical (see 8.4.1, 12.3), 

15.1.2 The overlying water was not acceptable to the test 
organisms (see 9.1), 

15.1.3 Test organisms were not acclimated to the appro
priate overlying water or temperature (if they were cultured 
in water different from the overlying water or temperature), 

15.1.4 The natural geochemical properties of test sedi
ment collected from the field was not within the tolerance 
limits of the test species (see 10.3.5), 

15.1.5 Appropriate negative and solvent controls, or refer
ence sediment, were not included in the test (see 10.4.3), 

15.1.6 The concentration of solvent in the range used 
affected survival, growth, or reproduction of the test organ
isms (see 10.4.4), 

15.1.7 All animals in the test population were not ob
tained from the same source, were not all of the same species, 
or were not of acceptable quality (see 11.3), 

15.1.8 Treatments were not randomly assigned to indi
vidual test chamber locations and the individual test organ
isms were not impartially or randomly assigned to test 
chambers or compartments (see 12.3), 

15.1.9 Each test chamber did not contain the same 
amount of sediment, determined either by volume or by 
weight, 

15.1.10 Temperature, dissolved oxygen, and concentra
tion of test material were not measured, or were not within 
the acceptable range (see 13.7 and Annexes A1 through A4), 

15.1.11 The negative control or reference sediment organ
isms did not survive, grow or reproduce as required for the 
test species (see Annexes A1 through A4), or 

15.1.12 Average survival in any negative control chamber 
was less than acceptable limits (see Annexes A1 through A4). 

16. Calculation 
16.1 The calculation procedure(s) and interpretation of 

the results should be appropriate to the experimental design. 
Procedures used to calculate results of toxicity tests can be 
divided into two categories: those that test hypotheses and 
those that provide point estimates. No procedure should be 
vsrd without careful consideration of the advantages and 
disadvantages of various alternative procedures, and appro
priate preliminary tests, such as those for outliers and for 
heterogeneity. 

16.2 For each set of data, the LC50 or EC50 and its 95 % 
confidence limits should be calculated (when appropriate) on 
the basis of (a) the measured initial concentrations of test 
material, if available, or the calculated initial concentrations 
for static tests, and (b) the average measured concentrations 
of test material, if available, or the calculated average 
concentrations for flow-through tests. If other LC or ECs are 
calculated, their 95 % confidence limits should also be 
calculated (see Guide E 729). 

16.3 Most toxicity tests produce quantal data, that is, 
counts of the number of responses in two mutually exclusive 

categories, such as alive or dead. A variety of methods (32) 
can be used to calculate an LC50 or EC50 and 95 % 
confidence limits from a set of quantal data that is binomi-
ally distributed and contains two or more concentrations at 
which the percent dead or effected is between zero and 100, 
but the most widely used are the probit, moving average, 
Spearman-Karber and Litchfield-Wiicoxon methods. The 
method used should appropriately take into account the 
number of test organisms per chamber. The binomial test 
can also be used to obtain statistically sound information 
about the LC50 or EC50 even when less than two concentra
tions kill or affect between zero and 100 percent. The 
binomial test provides a range within which the LC50 or 
EC50 should lie. 

16.4 When samples from field sites are independently 
replicated, the sites effects can be statistically compared by 
/-tests, analysis of variance (ANOVA) or regression type 
analysis. Analysis of variance is used to determine whether 
any of the observed differences among the concentrations (or 
samples) are statistically significant. This is a test of the null 
hypothesis that no differences exist in the effects at all of the 
concentrations (or samples) and at the control. If the /"-test is 
not statistically significant (P > 0.05), it can be concluded 
that the effects observed in the test material treatments (or 
field sites) were not large enough to be detected as statisti
cally significant by the experimental design and hypothesis 
test used. Nonrejection does not mean that the null hypoth
esis is true. The NOEC based on this end point is then taken 
to be the highest test concentration tested (33, 34). The 
amount of effect that occurred at this concentration should 
be considered. 

16.4.1 All exposure concentration effects (or field sites) 
can be compared with the control effects by using mean 
separation techniques such as those explained by Chew (35) 
orthagonal contrasts, Fisher's methods, Dunnett's procedure 
or Williams' method. The lowest concentration for which the 
difference in observed effect exceeds the statistical significant 
difference is defined as the LOEC for that end point. The 
highptt concentration for which the difference in effect is not 
greater than the statistical significant difference is defined as 
the NOEC for that end point (33). 

17. Report 
17.1 The record of the results of an acceptable sediment 

toxicity test should include the following information either 
directly or by reference to available documents: 

17.1.1 Name of test and investigators), name and loca
tion of laboratory, and dates of start and end of test, 

17.1.2 Source of negative control, reference or test sedi
ment, method for collection, handling, shipping, storage and 
disposal of sediment, 

17.1.3 Source of test material, lot number if applicable, 
composition (identities and concentrations of major ingredi
ents and impurities if known), known chemical and physical 
properties, and the identity and concentration(s) of any 
solvent used, . . 

17.1.4 Source of overlying water, its chemical charactens-
tics, and a description of any pretreatment, and results of any 
demonstration of the ability of a species to survive, grow or 
reproduce in the water, 

17.1.5 Source, history and age of test organisms; source. 
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history and age of brood stock, culture procedures; and 
source and date of collection of the test organisms, scientific 

•

name, name of person who identified the organisms and the 
taxonomic key used, age, life-stage, means and ranges of 
weight and lengths, observed diseases or unusual appearance, 
treatments, holding and acclimation procedures, 

17.1.6 Source and composition of food, concentrations of 
test material and other contaminants, procedure used to 
prepare food, feeding methods, frequency and ration, 

17.1.7 Description of the experimental design and test 
chambers (and compartments), the depth and volume of 
sediment and overlying water in the chambers, lighting, 
number of test chambers and number of test organisms per 
treatment, date and time test starts and ends, temperature 
measurements, dissolved oxygen concentration (as percent 
saturation) and any aeration used prior to initiating a test 
and during the conduct of a test, 

17.1.8 Methods used for, and results of (with standard 
deviations or confidence limits), physical and chemical 
analyses of sediment, 

17.1.9 Defmition(s) of the effects used to calculate LC50 
or EC50s, biological endpoints for tests, and a summary of 
general observations of other effects, 

17.1.10 A table of the biological data for each test 
chamber for each treatment including the control(s) in 
sufficient detail to allow independent statistical analysis, 

17.1.11 Methods used for, and results of, statistical anal
yses of data, 

17.1.12 Summary of general observations on other effects 
or symptoms, and 

17.1.13 Anything unusual about the test, any deviation 
from these procedures, and any other relevant information. 

17.2 Published reports should contain enough informa
tion to clearly identify the methodology used and the quality 
of the results. 

ANNEXES 

(Mandatory Information) 

Al. HYALELLA AZTECA 

Al.I Significance—Hyalella axteca (Saussure), Amphi-
poda, has many desirable characteristics of a test species: 

_ short generation time, easily collected from natural sources 
jlkor cultured in the laboratory in large numbers, and data on 

survival, growth, and. reproduction can be obtained in 
toxicity tests (36). Landrum and Scayia (37), Nebeker et al. 
(22), and Ingersoll and Nelson (4) have successfully used H. 
azteca in sediment toxicity testing and have shown it to be a 
sensitive indicator of the presence of contaminants associ
ated with sediments. Ingersoll and Nelson (4) report H. 
azteca to have awide tolerance of sediment grain size. 
Sediment ranging from >90 % alt- and clay-size particles to 
100 % sand-size particles did not reduce survival or growth 
in the laboratory. 

A12 Life History and Life-Cycle—The life-cycle of H. 
azteca can be divided into three distinct stages according to 
Cooper (36): (7) an immature stage,.consisting of the first 5 
instais; (2) a juvenile stage, including instars 6 and 7; and (J) 
an adult stage, the 8th instar and older. The potential 
number of adult instars is large and growth is indeterminate 
such that old adults can be much larger than younger adults 
(38). DeMaich (39) indicates that juvenile H. azteca can 
complete a life<yde in 27 days or longer depending on 
temperature. 

Al.2.1 77. azteca is an epibenthic detritivore and will 
burrow in the sediment surface, and Hargraye (40) has 
demonstrated in laboratory experiments that H. azteca 
digests bacteria and algae from ingested sediment particles 
(<65 pm), further illustrating sediment interactions by H. 
azteca. 

•

A 1.2.2 Sexual dimorphism occurs in 77. azteca-, the adult 
male is larger than females and has larger second gnathopods 
(41). 

A 1.2.3 DeMarch (41) indicates that the number of young 

produced per adult female is optimum at temperatures of 
between 26 and 28*C. Whereas, Cooper (36) and Strong (38)' 
report that maximum brood size is more dependent on the 
size of the adult amphipods than on temperature. 

A 1.3 Obtaining Test Organisms—The following culture 
procedures are adapted from deMarch (41), Nebeker et al. 
(22), and Ingersoll and Nelson (4). 77. azteca can be reared in 
10- or 20-L aquaria under flowing water conditions with a 16 
to 8'h ratio of light to darkness photoperiod at 20 ± 2*C, and 
about 500 fc (5382 lx). For static cultures, the water should 
be gently aerated and about 25 to 3Q % of the water volume 
should be replaced weekly. In flow-through cultures, water 
delivery can be at a low rate (100 mL/min) (4). 

Al.3.1 77. azteca can be cultured with a variety of foods. 
Dried maple, alder, birch or poplar leaves, presoaked for 
several days and tannins'flushed out with water, then can be 
added weekly as the primary substrate and food. Rabbit 
pellets,9 ground cereal leaves,10 fish food flakes,11 frozen or 
newly hatched brine shrimp, or heat-killed young Dapknia 
can be used to feed 77. azteca. In addition, Strong (38) 
demonstrated success in culturing 77. azteca yielding the best 
survivorship and consistently the largest clutches by feeding 
the amphipods filamentous green algae (Oedogonium 
cardiacum) and homogenized rotting spinach ad libitum. 

Al.3.2 To dean the culture tanks or reduce populations 
of animals, half of the leaf substrate containing a portion of 
the animals should be transferred to a sorting tray, discarding 

9 Rabbit pellets, such as Purina Rabbit Pellets, available from Purina Mills, 
lnc, 1401 Hantey Sc. SL Lewis, MO 63144, have been found suitable for this 
purpose. 

10 Ground cereal leaves, such as Cerophyt, available from Sigma Chemical Co., 
P.O. Box 14J08, St Louis, MO 63178, has been found suitable for this purpose. 

11 Fish food Hakes such as Teua-Min and Tetro Conditioning Food, available 
from many pet foot distributors, have been found suitable for this purpose. 
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the remainder of the old contents and returning the leaf 
substrate and animals to the chamber. The number of 
amphipods should be reduced periodically as the population 
expands rapidly. 

Al.4 Collection—H. azieca can be found in permanent 
lakes, ponds and streams throughout the entire American 
continent (41, 42). Methods used by Landrum and Scavia 
(37) indicate that the amphipods can be collected from a 
natural freshwater source. Pennak (42) suggests using a 
dip-net to collect aquatic vegetation and bottom debris con
taining amphipods. Sites with stony bottoms might require 
collecting with forceps or the use of a small aquarium net. 
Live specimens can be maintained in aquaria if they are well 
supplied with aquatic vegetation (42). Collection procedures 
for H. azieca by deMarch (41) indicate that rinsing aquatic 
vegetation is effective if a 200 to 550 pm mesh net is used to 
catch the amphipods. Up to 200 amphipods can be trans
ported in a large plastic bag containing 1 L of water from the 
collection site, with the remainder of the bag filled with air or 
oxygen and then placed into a cooler (41). For verification 
and accurate identification of field collected H. azieca, it is 
important that mature males and females be used (42). 

A 1.5 Brood Stock—Brood stock can be obtained from the 
wild, another laboratory or a commercial source. H. azieca 
brought into the laboratory should be acclimated to the 
culture water by gradually changing the water in the culture 
chamber from the water in which they were transported to 
100 % culture water. H. azieca should be acclimated to the 
culture temperature by changing the water temperature at a 
rate not to exceed 2*C within 24 h, until the desired 
temperature is reached (41). Brood stock should be cultured 
so they are not unnecessarily stressed. To maintain H. azieca 
in good condition and avoid unnecessary stress, crowding 
and rapid changes in temperature and water quality charac
teristics should be avoided. 

A 1.6 Handling—H. azieca should be handled as little as 
possible. When handling is necessary, it should be done as 
gently, carefully, and quickly as possible, so that the amphi
pods are not unnecessarily stressed. Amphipods should be 
introduced into solutions beneath the air-water interface (4). 
Any H. azieca that touch dry surfaces, are dropped, or 
injured during handling should be discarded. Removing 
animals from sieves may form air bubbles on body surfaces 
causing animals to float on the water surface. Any "floaters" 
should be gently placed into the water column using a probe. 
If the »nimnk continue to float they should be removed and 
discarded. 

A1.7 Age—Tests with H. azieca should be started with 
juvenile organisms (second or third instar) about 2 to 3 mm 
in length (4,22). To obtain H. azieca for testing, amphipods 
should be separated from the leaf material by scooping up 
the leaves with clinging amphipods, and placing the leaves 
on a 5 to 10 mm mesh screen, which is placed over a 
collecting pan containing 2 cm of culture water. Culture 
water should be sprinkled on the leaves while turning and 
separating the leaves. Mixed age H. azieca should be washed 
from the leaves and dropped through the screen into a 
collecting pan (22). To separate the juvenile amphipods from 
the larger adults a sieve stack (U.S. Standard) #30 (600 pm), 
#40 (425 pm), and a #60 (250 pm) can be used (4). Culture 
water should be rinsed through the sieves and juvenile ani

mals retained by the #60 sieve are washed into a collecting 
pan while the larger animals in the top sieves (#30 and #40) 
are returned to the culture. The juvenile amphipods are then 
placed in 1-L beakers containing culture water (about 200 wB 
amphipods/beaker) and kept in the dark at the temperature 
of the culture with gentle aeration. H. azieca can be isolated 
in the 1-L beakers up to 24 h prior to the start of the 
sediment toxicity test. 

A 1.7.1 Borgmann (43) recommends collecting uniform 
aged young (<1 week old) for experimental purposes using 
2.5-L jars containing about 1 L of culture water and between 
5 and 25 adult H. azieca. The jars are placed in an incubator 
at 16 to 8 h ratio of light to darkness photoperiod, about 500 
fc (5382 lx). Each jar contains pieces of pre-soaked (in 
culture water) cotton gauze as a substrate. Once a week the 
animals should be removed from the gauze and collected by 
filtration through a 275 pm nylon mesh screen, then rinsed 
into petri dishes where the young and adults are sorted. Fresh 
culture water and food should be placed in the jars and the 
adults returned. Each jar should receive 0.02 g of fish food 
flakes10 or more if required by larger animals. 

A 1.8 Acclimation—If amphipods are cultured in water 
different from the overlying water or temperature, an accli
mation process is necessary. The water acclimation process 
used by Ingersoll and Nelson (4) is to first place animals for 
2 h in a 50 to 50 mixture of culture water to overlying water, 
then for 2 h in a 25 to 75 mixture of culture water to overly
ing water, followed by a transfer into 100 % overlying water. 
At this stage the amphipods are considered acclimated to the 
overlying water and are ready for immediate use. H. azieca 
can then be randomly selected from the acclimation water MB 
with a pipette and placed into counting beakers (for example, 
30-mL) that can be floated in the test chambers before the 
amphipods are introduced into the exposure system (4). 

A1.9 Toxicity Test Specifications: 
A 1.9.1 Experimental Design—Decisions concerning the 

various aspects of experimental design, such as the number 
of treatments, number of test chambers and amphipods per 
treatment, and water quality characteristics, should be based 
on the purpose of the test and the procedure used to calculate 
results. Nebeker et al. (22) recommend two or more replicate 
20-L aquaria per treatment with 100 juvenile H. azieca 
placed in each aquarium. Ingersoll and Nelson (4) recom
mend four replicate 1-L beakers per treatment, with 20 H. 
azieca per replicate, for a total of 80 amphipods per 
treatment. Duration of the test can range from a <10 day 
short-term test to a long-term test >10 days and continuing 
up to 30 days (4, 22). The number of young and adult 
survival (4,22), growth, and development (4) can be used as 
the biological endpoints. A test duration up to 30 days can 
add potential reproductive capacity as another biological 
endpoint, measuring effects on reproductive behavior, ap
pearance of secondary sex characteristics, egg production, 
and number of young produced. Tests with H. azieca have 
been conducted at 20*C (4, 22) and from 21 to 25*C (37), 
photoperiod 16 to 8 h ratio of light to darkness, about 50 fc 
(538 lx) (4). ^ 

A 1.9.2 Static and Flow-Through Tests—Ingersoll an^^^A 
Nelson (4) and Nebeker et al. (22) recommend using^B 
borosilicate glass 1-L beakers to expose the H. azieca to the 
test material. These exposure chambers contain about 800 
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mL overlying water and 200 mL (2 cm) test sediment, in 
both the static and flow-through water systems. For the static 
tests cover watch glasses may be used to fit over the top. such 
that an aeration tip fits through the beaker pour spout and 
the cover (4). Nebeker et al. (22) suggest for the static 
long-term test, using 20-L aquaria with 2 to 3 cm of test 
sediment on the bottom overlaid with 15 cm water. For 
flowthrough testing, Ingersoll and Nelson (4) suggest using a 
4 by 13 cm notch cut in the lip of the l-L beaker. The notch 
should be covered with 0.33 mm U.S. Standard sieve size 
#50 screen, either made of stainless steel or polyethylene, 
using a silicone adhesive to attach the screen to the beaker. 

Al.9.3 Initiation of a Test—Sediments should be homog
enized and placed in the test chambers on the day prior to 
the addition of the test organisms (Day -1). Test chambers 
should be covered and overlying water aerated (4) or 
unaerated overnight but aerated for 30 min before H. azteca 
are added (22). The test begins when the juvenile H. azteca 
are introduced to the test chambers (Day 0). It is recom
mended that flow-through and static tests might need to be 
started on different days to assure that sufficient time is 
available to complete all tasks. Test chambers should be 
inspected <2 hours after amphipods are introduced to ensure 
that animals are not trapped in the surface tension of the 
water (4). These floaters might not survive well and should 
be replaced with new animals (see A1.6). 

A 1 .9.4 Feeding—Ingersoll and Nelson (4) recommend 
rabbit pellets9 to be used as a food for H. azteca in short and 
long-term sediment toxicity tests. Nebeker et al. (22) suggest 
feeding rabbit pellets' in a 28 day test. The pellets should be 
ground and dispersed in deionized water. A fluorocarbon 
plastic stir bar and a magnetic stir plate should be used to 
homogeneously resuspend the rabbit pellet9 when aliquots 
are removed for feeding. If food collects on the sediment, a 
fungal or bacterial growth might start on the surface of the 
sediment, in which case feeding should be suspended for one 
or more days. A drop in dissolved oxygen to 40 % saturation 
might indicate that all of the food added in the water is not 
being consumed such that feeding might be suspended for 
the amount of time necessary to increase the dissolved 
oxygen concentration (4). 

Al.9.4.1 In static tests Nebeker et al. (22) suggest a 
feeding regime twice weekly of 200 mg (0.5 mL dry volume) 
rabbit pellets' mixed in 100 mL distilled water for 100 
juvenile H. azteca in a 20-L aquarium. Nelson and Ingersoll 
(4) recommend feeding H. azteca three times weekly 14 mg 

rabbit pellets per feeding for 20 young amphipods in a l-i 
beaker. Lower feeding levels for flow-through and static tests 
may be used for H azteca. three times weekly 6 mg rabbit 
pellets9 per feeding for the first week of the test, and 12 mg 
per feeding for the following weeks. 

A 1.9.4.2 For flow-through testing, prior to starting a test 
20 mg rabbit pellets9 should be added to each test chamber' 
and three times a week each test chamber should be fed 20 
mg per feeding for 20 young H. azteca during the exposure 
(4). 

MAO Bio log i ca l  Da t a—During the conduct of the test, 
observations should be made to assess behavior (for example 
floaters, sediment avoidance) and reproductive activities (for 
example, amplexus). At the end of the test the H. azteca 
must be removed from the test chambers for survival (4, 22), 
observable behavior, any noticeable reproduction (for ex
ample, amplexus, gravid females, young present) and growth 
(4). According to Ingersoll and Nelson (4) without material 
above the sediment surface, such as the leaves used in cul-
turing, H. azteca burrow in the top 1 cm sediment surface or 
are found swimming in the water column. Many of the sur
viving amphipods can be pipeted from the water column 
before sieving the sediments. At the end of the test the sedi
ment should be screened using a #35 (500 pm) U.S. Standard 
size sieve (22). Ingersoll and Nelson (4) recommend using a 
#50 (300 pm) U.S. Standard size screen cup first by swirling 
the overlying water to suspend the upper 1 cm of sediment 
and pouring that slurry into the cup. Next, a stack of sieves 
#25 and #40 U.S. Standard size should be used to sieve the 
bulk sediment in order to collect and count the live animals 
remaining in the sediment. The H. azteca are rinsed from the 
screens into collecting pans and pipeted from the rinse water 
(4). It might be difficult to recover young H. azteca due to 
their small size. Material retained in the collecting pane may 
be preserved in a sugar formalin mixture for examination at 
a later date (4). The preserved material may be inspected 
using a low power binocular microscope to search for H. 
azteca missed the last day of the test. 

A 1.10.1 For quantifying growth, H. azteca body length 
(±0.01 mm) should be measured from the base of the first 
antenna to the tip of the third uropod along the curve of the 
dorsal surface (4). In addition, wet and dry weight measure
ments have been used to estimate growth for H. azteca (37). 

A 1.10.2 A H. azteca sediment toxicity test, independent 
of duration, is unacceptable if the average survival in any 
negative control chamber is less than 80 % (see Section 15, 
Acceptability of Test). 

A2. CHIRONOMHJS TENTANS 

A2.1 Significance—Chironomus tentans Fabricius (Dip-
tera: Chironomidae) has been used in sediment toxicity tests 
because it is a fairly large midge with a short generation time, 
is easily cultured in the laboratory, and the larvae have direct 
contact with the sediment by burrowing into sediment to 
build a case. C. tentans has been successfully used in sedi
ment toxicity testing and is sensitive to many contaminants 
associated with sediments (22, 25, 44,45,46). The members 
of the genus are important in the diet of young and adult fish 
and surface feeding ducks (47). 

A2.2 Life History and Life-Cycle—The classification of 
holometabolous insects, such as C. tentans, presents special 
difficulties because each life-stage often has different ecolog
ical requirements. Further detailed studies at the species level 
are needed to better understand the various physical, chem
ical, and biological factors that interact to produce a suitable 
environment for larval development (48). C. tentans has a 
holarctic distribution and is locally common in the mid-
continental areas of North America (47, 49, 50). Sadler (51) 
describes the general biology of C. tentans. The larval stages 
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:• % 
t a n  inhabit eutrophic lakes and ponds. Qualitative obser-
- tions indicate larvae occur most frequently in fine sedi-

I nt and detritus; however larvae reportedly inhabit sedi-
ll^Mits with particles ranging from <0.15 mm to 2.0 mm 
'85! Chironomid larvae usually penetrate a few centimeters 
: 'y;'' sediment. In both lotic and lentic habitats with soft 
j S0ms, about 95 % of the chironomid larvae occur m the 
i '! nner 10 cm of substrate, very few larvae are found below 40 
• !!!« (48) Larvae are generally not found when hydrogen 

Side is greater than 0.3 mg/L (52). Urvae of C. tentansarc 
' Lmd in the field at a temperature range between 0 and 35 U 
1 „H range between 7 and 10, conductivity range between 100 

' *nd 4000 |iS cm-1, sediment organic carbon range between 2 
'!nd 15 %, and at dissolved oxygen concentrations as low as 1 
WL (47, 52, 53). Sadler (51) reported that C. tertians will 
LT essentially any material of appropriate size. 

A2.2.1 The biology of C. tentans facilitates laboratory 
^ilture since larvae are tolerant of a wide spectrumi of 
ajnditions and adults mate even when confined (47). The 
iife-cycle of C. tentans can be divided into three distinct 
flaees- U) a larval stage, consisting of the 4 instars; (2) a 
nUnal stage; and (J) an adult stage. Midge egg masses hatch 
hi 2 or 3 days after deposition in water at 19 to 22 C. Larval 
£owth occurs in four instars of about one week each. Under 
optimal conditions larvae will pupate and emerge as adults 
after 24 to 28 days at 20°C. Adults emerge from pupal cases 
aver a period lasting several days. Males are easily distin
guished from females because males have large, plumose 
antennae and a much thinner abdomen with visible geni
talia Mating behavior has been described by Sadler (51) and 

others (54). • _. • f „ • - An 
r A2.3 Obtaining Test Organisms—The following is a de-

soiption of culturing procedures adapted from Adams et al. 
(25), Nebeker et al. (22) and others (47,54); these procedures 
should not be considered definitive, since procedures that 
work well in one laboratory sometimes work poorly in 
smother laboratory: C. tentans can be reared in aquaria in 

' swir or flowing water with a 16 to 8 h light to darkness 
* photoperiod at 20 to 23'C, at about 50 fc (538 lx). For static 
- cultures the water should be gently aerated, and about 25 to 

30% of the water volume should be replaced weekly. 
Cultures should be maintained in an isolated area or room 
free Of contamination and excessive disturbances. Adams et 
al. (25) recommends rearing midges in glass aquaria filled 
with water to a depth of 45 cm covered with nylon screen. 
The size of the aquaria may vary from a minimum of 3 L to 
a maximum of 19 L depending on the need for animals. ^ 

A2.3.1 Chironomus tertians require a substrate in which 
to constroct a case. Shredded paper towels have been found 
to be well suited for this purpose. Strip cut from brown 
paper towels should be soaked overnight in acetone to 
remove impurities and are then rinsed in three changes of 
culture water until the acetone is removed. A kitchen blender 
should be used to shred the rinsed towels into a pulp. Care 
must be taken to avoid over blending and possibly short
ening the wood fibers in the pulp. The pulp should be rinsed 
twice with culture water to remove extremely small fibers 
and refrigerated until needed. The paper toweling pulp 
should be placed into the water of a culture chamber to a 
depth of 3 cm. One gram of dry fish food flakes'' should be 
mixed in 10 mL of culture water with a kitchen blender and 

refrigerated. This suspension should be fed twice daily to the 
cultures for optimum growth. The amount given depends on 
the number and size of the larvae. If after feeding the culture 
water does not clear in 3 to 4 h, the feeding level should be 
reduced. Overfeeding will lead to the growth of fungus m the 
aquaria and will necessitate more frequent water changes. 
Therefore new cultures should receive 0.5 mL or less of this 
suspension per feeding. Nebeker et al. (22) suggest supple
menting the fish food flakes" diet with ground cereal 

lCHVCS, ^ 
A2.4 Brood Stock—Brood stock can be obtained from the 

wild, laboratory or a commercial source. When midges are 
brought into the laboratory, they should be acclimated to the 
culture water by gradually changing the water in the culture 
chamber from the water in which they were transported to 
100 % culture water. Midges should be acclimated to the test 
temperature by changing the water temperature at a rate not 
to exceed 2°C within 24 h, until the desired temperature is 
reached. Brood stock should be cultured so they are not 
unnecessarily stressed. To maintain midges in good health 
and avoid unnecessary stress, crowding and rapid changes in 
temperature and water quality characteristics should be 

avoided. , • u 
A2 5 Age—Tests with C. tentans can be started with 

second instar larvae according to Wentsel et al. (44), Adams 
et al. (25), Nebeker et al. (22) and Giesy (45). Tests started 
with first instar C. tentans larvae have met with limited 
success (22). Twelve to 16 days before a test is begun, at least 
3 freshly laid midge egg cases should be placed in a clean 20 
bv 40 cm glass or enameled rearing pan filled with water to a 
depth of 3 cm. Egg cases should be isolated by aspirating 
adults into a 250-mL Erlenmeyer flask in the morning. In 
late afternoon, about 20 mL of culture water should be 
added to the flask. Egg cases are deposited overnight and first 
instar larvae begin to hatch after about 3 days at 20 C. No 
substrate is added to the pan before hatching. Fish food 
flakes'1 should be added at a rate of 50 mg/day suspended in 
water. Fresh water should be added as needed to make up for 
evaporation. The larvae in the rearing pans are presumed to 
be second instars on the 12th day from the time the eggs were 
laid (10 day old larvae). Most larvae will remain as second 
instars through the 16th day (14 day old larvae). Larvae 2:16 
days old should not be used to start a test. To maintain a 
supply of second instar larvae for active toxicity testing, a 
rearing pan should be started every 4 days. Each pan can be 
expected to produce at least enough second instar larvae for 

one sediment toxicity test. , . .. . 
A2.6 Handling—Midges should be handled as little as 

possible. When handling is necessary, it should be done as 
gently, carefully, and quickly, so that the midges are not 
unnecessarily stressed. Larvae should be transferred wth a 
7-mm inner diameter glass pipet. Midges should be intro
duced into solutions beneath the air-water interface. Any 
midges that touch dry surfaces, are dropped, or injured 
during handling should be discarded. 

A2 7 Acclimation—If the midges are cultured m water 
different from the overlying water or temperature, an accli
mation process is necessary. The water acclimation process 
used by Ingersoll and Nelson (4) is to first place animals for 
2 h in a 50 to 50 ratio mixture of culture water to overlying 
water, then for 2 h in a 25 to 75 ratio mixture of culture 
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water to overlying water, followed by a transfer into 100 % 
overlying water. At this stage the midges are considered 
acclimated to the overlying water and are ready for imme
diate use. Midges should be randomly selected from the 
acclimation water with a pipette and placed into counting 
beakers, for example 30-mL, that can be floated in the test 
chambers before the midges are introduced into the exposure 
system (4). 

A2.8 Toxicily Test Specifications: 
A2.8.1 Experimental Design—Decisions concerning the 

various aspects of experimental design, such as the number 
of treatments, number of test chambers and midges per 
treatment, and water quality characteristics, should be based 
on the purpose of the test and the type of procedure that is to 
be used to calculate results. Tests with C. tertians have been 
conducted at temperatures between 20 and 23°C (22,25,44). 
Cooler test temperatures may reduce the growth of fungus on 
the sediment surface. Duration of the test can range from a 
<10 day test to >10 days and continuing up to 25 days (22, 
25, 44, 45). Larval survival, growth, or adult emergence can 
be monitored as biological endpoints. 

A2.8.2 Sialic and Flow-Through Tests—Wentsel et al. 
(44) recommend using 20 C. tentans in each 2-L exposure 
beaker containing 2 cm of sediment and 1.5 L of overlying 
water in static testing. Adams et al. (25) use 3-L aquaria 
constructed of glass and silicone rubber for either static or 
flow-through testing. These test chambers measure 20.5 by 
L2.5 by 14.5 cm with a 12.5 by 44.5 cm piece of fine mesh 
stainless steel screen positioned on the upper end of one side. 
This overflow screen prevents the escape of larvae and 
maintains an overlying water volume of 2 L with 100 g of 
test sediment and 25 C. tentans larvae per chamber. Nebeker 
et al. (22) recommend 20-L aquaria with 100 C. tentans 
larvae and 2 to 3 cm of test sediment on the bottom with 15 
cm of overlying water in static tests. If less sediment is 
available for testing, 4-L glass jars can be used, but propor
tionally fewer animals and less food should be used. Adams 
et aL (25) and Giesy et aL (45) also describe a method to 
expose midges individually to contaminated sediment in 
static tests. Up to 15 C. tentans are placed in separate 50-mL 
plastic centrifuge tubes. Each tube contains one midge, 7.5 g 
of sediment and 47 mL of water. For 24 h after hatching, 
first instar midge larvae are often planktonic (55). If flow-
through tests are started with first instar C. tentans larvae, 
water flow into the test chambers should not be started for at 
least 24 h after larvae are added. This will allow time for 
larvae to settle onto the sediment surface. 

A2.8.3 Initiation of a Test—Sediments should be homog
enized and placed in the test chambers on the day before 
addition of test organisms (Day -1). Test chambers should 
be covered and overlying water aerated overnight. The test 
begins when midges are introduced to the test chambers 
(Day 0). Larvae must be collected from at least three separate 
egg cases to start a sediment toxicity test. It is recommended 
that flow-through and static tests might need to be started on 
different days to assure that sufficient time is available to 
complete all tasks. Test chambers should be inspected <2 
hours after midges are introduced to ensure that animals are 
not trapped in the surface tension of the water (4). These 
floaters do not survive well and should be replaced with 
healthy animals. 

A2.8.4 Feeding—Adams et al. (25) recommend feeding 
animals in flow-through or static tests 50 mg fish food 
flakes" (dry weight, administered in a 0.5 mL suspension) 
daily to each 3-L test chamber containing 25 larvae. Nebeker 
et al. (22) suggest feeding animals in static tests a food 
mixture of 600 mg ground cereal leaves10 (1.5 mL dry 
volume) and 100 mg (0.3 mL dry volume) of finely crushed 
fish food flakes'1 in water and feeding this amount of food to 
the 100 C. tentans larvae in each 20-L test chamber at the 
start of the test (Day 0) and on Day 8. On Day 14 they 
should be fed 800 mg (2.0 mL) ground cereal leaves10 and 
100 mg (0.3 mL) fish food flakes," and on Day 18 they 
should be fed 1000 mg (2.5 mL) ground cereal leaves10 and 
100 mg (0.3 mL) fish food flakes." Giesy et al. (45) 
recommend feeding a 0.1 mL suspension of 0.06 g/mL 
goldfish food12 daily to each individual midge in each 
centrifuge tube. If food collects on the sediment, a fungal or 
bacterial growth might start on the surface of the sediment, 
in which case feeding may be suspended for one or more 
days. A drop in dissolved oxygen to 40 % saturation might 
indicate that all of the food added in the water is not being 
consumed such that feeding should be suspended for the 
amount of time necessary to increase the dissolved oxygen 
concentration. 

A2.8.5 Biological Data—Several endpoints can be moni
tored in midge sediment toxicity tests. During the test, 
emergence of larvae from the test sediment can be moni
tored. Additionally, data on larval survival, growth, and 
adult emergence can be obtained. 

A2.8.5.1 Larval survival and growth can be assessed by 
ending the tests on Day 10 to Day 14 when lame have 
reached the third or fourth instar (22, 25, 45). At this time, 
larvae can be removed from sediment using a #35 (500 pm) 
U.S. Standard size sieve (4). The midges can be rinsed from 
the sieve into collecting pans and pipeted from the rinse 
water. Growth determinations using dry weight (dried at' 
60°C to a constant weight) is preferable to length. Growth 
can also be estimated by measuring head capsule width, and 
also be used to determine instar development. 

A2.8.5.2 Nebeker et al. (22) suggest conducting adult C. 
tentans emergence sediment toxicity tests for 25 days when 
tests are started with second instar larvae. The adult emer
gence exposure chambers are covered by screen to retain 
emerging adults. The adult C. tentans should begin emerging 
after 20 days; the test should be continued for at least 5 days 
to count all the adults emerging and monitor delayed 
development. A small vacuum pump with a 10-mm diam
eter plastic line running through an Erlenmeyer flask trap is 
used to collect adults and make daily count of adults 
emerging. The screen cover is slowly lifted off the container 
and the adults are vacuumed from the screen and inside 
walls of the container. Percent adult emergence is generally 
less than 60 % in these tests. Endpoints calculated in these 
adult emergence tests can include (/) percent emergence, (2) 
mean emergence time, or (J) day to first emergence. Effi 
hatching studies may also be conducted by covering the test 
chambers and confining the adults. Adults will emerge and 

12 Goldfish food, such as Telra-Min, available from many pet food distributo1* 

has been found suitable for this purpose. 
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lay eggs in these chambers. These egg masses can then be 
used to estimate effects of exposure on either the number of 
eggs produced or hatched. 

A2.8.5.3 A C. tertians sediment toxicity test, independent 
of test duration, is unacceptable if the average survival in any 

negative control chamber is less than 70 % (see Section 15, 
Acceptability of Test). 

NOTE A2.1—A low percent emergence of adults might not be 
result of low survival; larvae or pupae might not have completer®® 
development. 

A3. CHIRONOMUS RIPARIVS 

A3.1 Significance—Chironomus riparius Meigen (Diptera: 
Chironomidae) has been used in sediment toxicity tests 
because it is a fairly large midge, has a short generation time, 
is easily cultured in the laboratory, and the larvae have direct 
contact with the sediment by burrowing into the sediment to 
build a case. C. riparius has been successfully used in 
sediment toxicity testing and is sensitive to many contami
nants associated with sediments (4, 56, 57, 58). The mem
bers of the genus are important in the diet of young and adult 
fish and surface feeding ducks (47). 

A3.2 Life History and Life-Cycle—The classification of 
holometabolous insects, such as C. riparius, presents special 
difficulties because each life-stage often has different ecolog
ical requirements. Further detailed studies at the species level 
are needed to better understand the various physical, chem
ical, and biological factors that interact to produce a suitable 
habitat for larval development (47). The distribution of the 
family is world wide. Most of the species in the family are 
thermophilous and adapted to living in standing water, 
although species do occur in cold habitats and in running 
water (47). C. riparius is a nonbiting midge. The tubiculous 
larvae frequently inhabit eutrophic lakes, ponds, and streams 
and reportedly live in mud-bottom littoral habitats to depths 
up to 1.0 m (59). Qualitative observations indicate larvae 
inhabit gravel, limestone, marl, plants, and silt (53). Ingersoll 
and Nelson (4) report C. riparius to have a wide tolerance of 
sediment grain size. Sediment ranging from >90 % silt- and 
day-size partides to 100 % sand-size partides did not reduce 
larval survival or growth in the laboratory. Larvae of C. 
riparius larvae reportedly occur in the field at a temperature 
range between 0*C and 33'C, pH range between 5 and 9, and 
at dissolved oxygen concentrations as low as 1 mg/L (53). C. 
riparius tubes are of the type characteristic of bottom-feeding 
chironomid larvae (59). Larvae frequently extend their 
anterior ends outride of their tubes feeding on the sediment 
surface (59). Credland (60) reported C. riparius will eat a 
variety of materials of the appropriate size. 

A3.2.I The biology of C. riparius facilitates laboratory 
culture since larvae are tolerant of a wide spectrum of 
conditions and adults mate even when confined (55,58,60). 
The life-cyde of C. riparius can be divided into three distinct 
stages: (/) a larval stage, consisting of the 4-instars; (2) a 
pupal stage; and (3) an adult stage. Midge egg masses hatch 
in 2 or 3 days after deposition in water at between 19 and 
22*C. Larval growth occurs in four instars of about 4 to 7 
days each. Under optimal conditions larvae will pupate and 
emerge as adults after 15 to 21 days at 20*C. Adults emerge 
from pupal cases over a period lasting several days. Males are 
easily distinguished from females because males have large, 
plumose antennae and a much thinner abdomen with visible 
genitalia. Mating behavior has been described by Credland 
(60). 

A3.3 Obtaining Test Organisms—The following is a de
scription of culturing procedures adapted from Ingersoll and 
Nelson (4) and others (51, 54, 58, 60); these procedures 
should not be considered definitive, since procedures that 
work well in one laboratory sometimes work poorly in 
another laboratory: C. riparius can be reared in aquaria in 
either static or flowing water with a 16 to 8 hour ratio of light 
to darkness at 20 to 22'C, at about 50 fc (538 lx). For static 
cultures the water should be gently aerated and about 25 to 
30 % of the water volume should be replaced weekly. 
Cultures should be maintained in an isolated area or room 
free of contamination and excessive disturbances. Ingersoll 
and Nelson (4) recommend rearing C. riparius in 30 by 30 
by 30-cm polyethylene containers covered with nylon screen. 
Each culture chamber contains 3 L of culture water. At least 
three egg cases should be used to start a new culture. To start 
a culture, 200 to 300 mg of ground cereal leaves9 is added to 
the culture chamber, additionally, green algae (Selenastrum 
capricomutum (61) is added ad libitum to maintain a growth 
of algae in the water column and on the bottom of the 
culture chamber. Cultures should be fed about 3 raL of a 
suspension of commercial dog treats (62) daily. This suspei^^ 
sion should be prepared by heating and melting 15 g of do®® 
treats in 150 mL of culture water. After refrigeration, the oily 
layer which forms on the surface should be removed. The 
rest should be used to feed the cultures. This suspension 
contains about 100 mg dry solid/mL. Overfeeding will lead 
to the growth of fungus in the aquaria and will necessitate 
more frequent water changes. To obtain egg cases and larvae, 
adults should be left in the culture chamber to mate and 
deposit eggs. Egg cases adhere to the ride of the culture 
chamber and can be removed with a sharp blade. These egg 
masses can then be placed in individual 100 mL beakers 
containing 50 mL of culture water, hatching should start in 
about 3 days at 20*C. While removal of adults by aspiration 
into a 250 mL flask before mating works well with C. tentans 
(see Annex A2), this procedure has not been successful with 
C. riparius. 

A3.4 Brood Stock—Brood stock can be obtained from the 
wild, another laboratory, or a commercial source. When 
midges are brought into the laboratory, they should be 
acclimated to the culture water by gradually changing the 
water in the culture chamber from the water in which they 
were transported to 100 % culture water. Midges should be 
acclimated to the test temperature by changing the water 
temperature at a rate not to exceed 2°C within 24 h, until the 
desired temperature is reached. Brood stock should be 
cultured so they are not unnecessarily stressed. To maintain 
midges in good health and avoid unnecessary stress, crow^^, 
ing and rapid changes in temperature and water quali^^ft 
characteristics should be avoided. 

A3.5 Age—Tests with C. riparius can be started with 
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either larvae less than 24-h old (4) or with three day old 
larvae (56, 57). Freshly laid midge egg cases can be trans-

ed from the culture into individual 100 mL beakers 
ntaining 50 mL of culture water. At 20°C larvae should 
gin to hatch within 3 days. Larvae must be collected from 

at least three separate egg cases to start a sediment toxicity 
test. 

A3.6 Handling—Midges should be handled as little as 
possible. When handling is necessary, it should be done as 
gently, carefully, and quickly as possible, so that the midges 
are not unnecessarily stressed. First instar midges should be 
transferred with a 2 mm inner diameter glass pipet (eye 
dropper). Older larvae should be transferred with a 7 mm 
inner diameter glass pipet. Midges should be introduced into 
solutions beneath the air-water interface. Any midges that 
touch dry surfaces, are dropped, or injured during handling 
should be discarded. 

A3.7 Acclimation—If the midges are cultured in water 
different from the overlying water or temperature, an accli
mation process is necessary. The water acclimation process 
used by Ingersoll and Nelson (4) is to first place animals for 
2 h in a 50 to 50 ratio mixture of culture water to overlying 
water, then for 2 h in a 25 to 75 ratio mixture of culture 
water to overlying water, followed by a transfer into 100 % 
overlying water. At this stage the midges are considered 
acclimated to the overlying water and should be ready for 
immediate use. Midges should be randomly selected from 
the acclimation water with a pipette and placed into 
counting beakers (for example, 30-mL) that can be floated in 

e test chambers before the midges are introduced into the 
posure system. 
A3.8 Toxicity Test Specifications: 
A3.8.1 Experimental Design—Decisions concerning the 

various aspects of experimental design, such as the number 
of treatments, number of test chambers and midges per 
treatment, and water quality characteristics, should be based 
on the purpose of the test and the type of procedure that is to 
be used to calculate results. Ingersoll and Nelson (4) recom
mend using 50 C. riparius in each 1-L exposure beaker 
containing 200 mL of sediment and 800 mL of overlying 
water in either static or flow-through testing. Lee (57) 
recommends using 13-L glass aquaria containing 130 C. 
riparius larvae, 2 L of sediment and 11 L of overlying water 
in static tests. Tests with C. riparius have been conducted at 
temperatures between 20 and 22"C (4, 56, 57). Cooler test 
temperatures might reduce the growth of fungus on the 
sediment surface. Duration of the test can range from a < 10 
day test to >10 days and continuing up to 30 days (4, 56, 
57). Larval survival, growth, or adult emergence can be 
monitored as biological endpoints. 

A3.8.2 Static and Flow-Through Tests—Ingersoll and 
Nelson (4) recommend that borosilicate glass 1-L beakers 
can be used to expose the C. riparius to the test material, in 
either static or flow-through tests. For the static tests, cover 
watch glasses may be used, such that an aeration line fits 
through the beaker pour spout and the cover. For flow-
through testing, Ingersoll and Nelson (4) suggest using a 4 by 

3 cm notch cut in the lip of the 1-L beaker. The notch 
ould be covered with 0.33 mm U.S. Standard sieve size 

#50 screen, either made of stainless steel or polyethylene, 
using a silicone adhesive to attach the screen to the beaker. 

For 24 h after hatching, first instar midge larvae are often 
planktonic (55). Pittinger et ai. (56) suggest not running 
water through the diluter for at least 24 h after larvae are 
added to the test chambers. This will allow time for larvae to 
settle onto the sediment surface. 

A3.8.3 Initiation of a Test—Sediments are homogenized 
and placed in the test chambers the day before addition of 
test organisms (Day I). Test chambers are then covered and 
overlying water is aerated overnight. The test begins when 
midges are introduced to the test chambers (Day 0). Ingersoll 
and Nelson (4) start sediment toxicity tests with 50 first 
instar C. riparius larvae per 1-L test chamber. Pittinger et al. 
(56) and Lee (57) suggest starting tests with 3 day old larvae 
(130 larvae per 13-L chamber (57)). It is recommended that 
flow-through and static tests might need to be started on 
different days to assure that sufficient time is available to 
complete all tasks. Test chambers should be inspected <2 
hours after midges are introduced to ensure that animals are 
not trapped in the surface tension of the water. These floaters 
do not survive well and should be replaced with healthy 
animals. 

A3.8.4 Feeding—Lee (57) recommends feeding animals 
in a static system 200 mg fish food flakes'1 every other day to 
each 13-L test chamber containing 130 larvae. Pittinger et al. 
(56) suggest feeding animals in a static renewal system trout 
food13 and dehydrated cereal (5 to 1 w/w) and commercial 
dog treats daily to each test chamber containing 20 larvae. In 
flow-through and static toxicity tests, Ingersoll and Nelson 
(4) feed 50 C. riparius larvae in each 1-L test chamber a 
combination of ground cereal leaves10 (suspended in water), 
a green algae (S. capricomutum) and commercial dog treats. 
In flow-through sediment toxicity tests, 75 mg of ground 
cereal leaves,10 30 mg of dog treats and 6 x 107 S. 
capricomutum algal cells should be added to each 1-L test 
chamber the day test starts (Day 0). From Day 1 to Day 6 of 
the test, 15 mg of ground cereal leaves10 should be added to 
each test chamber, from Day 1 to Day 12, 30 mg of dog 
treats should be added to each test chamber and from Day 13 
to the end of the test, 15 mg of dog treats should be added to 
each test chamber, 6 x 101 S. capricomutum algal cells 
should be added to each test chamber daily. In static 
sediment toxicity tests, 10 mg of ground cereal leaves,10 10 
mg of dog treats and 3 x 107 S. capricomutum algal cells 
should be added to each 1-L test chamber on Day 0. From 
Day 1 to Day 6 of the test, 10 mg of ground cereal leaves10 
and 3 x 107 algal cells should be added to each 1-L test 
chamber, for the first two weeks of the test, 10 mg of dog 
treats should be added to each test chamber each Monday, 
Wednesday, and Friday and for the rest of the test 5 mg of 
dog treats should be added to each test chamber each 
Monday, Wednesday and Friday; from Day 7 until the end 
of the test 3 x 107 algal cells should be added to each test 
chamber each Monday, Wednesday and Friday. Lower 
feeding levels for flow-through tests might be used for C. 
riparius daily: 6 x 107 S. capricomutum algal cells, 10 mg 
dog treats, and 10 mg ground cereal leaves10 on Days 0 
through 6. If food collects on the sediment, a fungal or 

1' Trout food, such as Ralston Purina Trout Chow, available from Purina Mills, 
Inc.. 1401 Hanley St., St. Louis, MO 63144, has been found suitable for this 
purpose. 
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bacterial growth might start on the surface of the sediment, 
in which case feeding should be suspended for one or more 
days. A drop in dissolved oxygen to 40 % saturation might 
indicate that all of the food added in the water is not being 
consumed such that feeding should be suspended for the 
amount of time necessary' to increase the dissolved oxygen 
concentration (4). 

A3.8.5 Biological Data—Several endpoints can be moni
tored in midge sediment toxicity tests. During the test, 
emergence of larvae from the test sediment can be moni
tored. Additionally, data on larval survival, growth, and 
adult emergence can be obtained. 

A3.8.5.1 Larval survival and growth can be assessed by 
ending the tests on Day 10 to Day 14 when larvae have 
reached the third or fourth instar (4, 25, 45). At this time, 
larvae should be removed from sediment using a #35 (500 
Htn) U.S. Standard size sieve (4). The midges should be 
rinsed from the sieve into collecting pans and pipeted from 
the rinse water. Growth determination using dry weight 
(dried at 60°C to a constant weight) is preferable to length. 
Growth can also be estimated by measuring head capsule 
width, and also used to determine instar development. 

A3.8.5.2 Ingersoll and Nelson (4), Pittinger et al. (56) and 
Lee (57) recommend conducting C. riparius sediment tox
icity tests until the larvae pupate and emerge as adults. Cast 
pupal skins left by emerging adult C. riparius should be 
removed and recorded daily. These pupal skins remain on 
the water surface for over 24 h after the emergence of the 
adult. The test should be ended after the animals have been 
exposed for up to 30 days, when about 70 to 95 % of the 
control larvae should have completed metamorphosis into 
the adult form. Endpoints calculated in these adult emer
gence tests can include: (1) percent emergence, (2) mean 
emergence time, or (3) day to first emergence. Egg hatching 
studies may also be conducted by covering the test chambers 
and confining the adults. Adults will emerge and lay eggs in 
these chambers. These egg masses can then be used to 
estimate effects of exposure on either the number of eggs 
produced or hatched. 

A3.8.5.3 A C. riparius sediment toxicity test, independent 
of duration, is unacceptable if the average survival in any 
negative control chamber is less than 70 % (see Sechon 15, 
Acceptability of Test). 

NOTE A3.1—A low percent adult emergence might not be the result 
of low survival; larvae or pupae might not have completed development. 

A4. DAPHNIA SP. AND CERIODAPHNIA SP. 

A4.1 Significance—Daphnia magna and Ceriodaphnia 
dubia are easily cultured in the laboratory, have a short 
generation time, and survival and reproduction data can be 
obtained in toxicity tests, and a large data base has developed 
regarding their sensitivity to toxicants. Nebeker et al. (22), 
Prater and Anderson (63), Giesy et al. (64), Malueg et al. 
(65), and Burton et aL (66) and others (45, 67-75) have 
successfully used cladocerans in sediment testing and have 
shown them to be sensitive indicators of the presence of 
associated contaminants. 

A4.1.1 In whole sediment toxicity tests, cladocera behave 
as nonselective epifaunal zooplankton. The organisms are 
frequently observed on the sediment surface and are likely 
exposed to both water soluble and particulate bound con
taminants (through ingestion) in overlying water and surface 
sediments. These routes of exposure do not, however, mimic 
those of infaunal benthic invertebrates, which are exposed 
directly to sediment and interstitial water. One of the most 
important reasons for using cladocerans as toxicity test 
organisms is their importance in the food web of some 
systems (42, 76, 77). These assays have been useful at 
discriminating sediment contamination and allowing com
parisons of relative sediment toxicity. Because they are not 
benthic organisms, their responses may not be indicative of 
in situ benthic community effects. 

A4.2 Life History and Life Cycle—Pennak (78) recog
nizes four distinct periods in the life history of a cladoceran: 
egg, juvenile, adolescent, and adult. Unstressed populations 
consist almost exclusively of females producing diploid 
parthenogenetic eggs which develop into female young. 
Adult Ceriodaphnia can produce from four to 15 partheno
genetic eggs in each brood whereas Daphnia can produce five 
to 25 or more eggs (79). When a clutch of eggs is released 
into the brood chamber, segmentation begins promptly; the 

first juvenile instar is released into the surrounding water in 
approximately two days (78). There are only a few juvenile 
instars and the greatest growth occurs during these stages. 
The adolescent period is a angle instar between the last 
juvenile instar and the first adult instar during which the fust 
clutch of eggs reaches full development in the ovary. At the 
close of the adolescent instar, the animal molts and the first 
clutch of eggs is released into the brood chamber, while a 
second clutch is developing in the ovary. At the close of each 
adult instar, four successive events -occur the young are 
released from the brood chamber to the outside environ
ment, molting occurs, with an increase in size, and there is 
release of a new clutch of eggs into the brood chamber. 

A4.2.1 When populations are stressed (for example, low 
oxygen, crowding, starvation), males are produced from 
diploid parthenogenetic eggs. With the appearance of males, 
females produce haploid eggs which require fertilization. 
Following fertilization, the eggs are enclosed by the 
ephippium and shed at the next molt. The embryos lie 
dormant until .suitable conditions arise upon which , they 
become females producing diploid parthenogenetic eggs (80). 

A4.3 Obtaining Test Organisms—The following culture 
procedures are adapted from Knight and Waller (81), while 
other appropriate methods include the U.S. Environmental 
Protection Agency (82, 83) and Guides E729 and E 1295. 
Following Knight and Waller's (81) methodology, D. magna 
and C. dubia can be cultured in reconstituted hard water 
(160 to 180 mg/L CaC03) and fed a daily diet of a vitamin 
enriched Selenastrum capricornulum suspension. Cultures 
are maintained at 25 ± TC with a light:dark cycle of 16:8 h 
provided by overhead fluorescent lighting covered witl^^ 
opaque plastic to reduce light intensity to less than 20 lux^B 
This reduces the photosynthetic activity of the algal food, 
which could alter water quality. D. magna mass cultures are 
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started by placing 10 neonates (less than 24-h old) into l-L 
beakers containing 500 mL reconstituted hard water and a 
feeding suspension of 5. capricornutum of approximately 
240 000 algal cells/mL culture water. Cultures are fed 12 mL 
initially and on Day 1, 25 mL (500 000 cells/mL culture 
water) on Days 2 through 4, and 25 to 50 mL (100 000 
cells/ml culture water) on Day 5 and thereafter. Using this 
culture method, D. magna typically will have first broods 
between Days 6 and 8 with successive broods hatching every 
36 to 48 h thereafter. On days when hatches occur and young 
are not needed, adults are transferred to clean l-L beakers 
containing 300 mL hard water, 200 mL old culture water, 
and 50 mL of food. When neonates are needed for testing, 
adults are isolated the night before by placing each adult into 
a separate 100-mL beaker containing 100 mL reconstituted 
hard water and 3 mL feeding suspension. See also Specifica
tion E 1193 for culture requirements. Neither first brood 
young nor young from females older than two weeks are 
used in toxicity testing or initiating new cultures. The 5. 
capricornutum feeding suspension may also be supplemented 
with an approximate 6 % by volume addition of ground 
cereal leaves10 preparation to the algal feeding suspension 
(Waller, personal communication). C. dubia mass cultures 
can be initiated by placing 20 neonates (less than 12 h old) 
into a 600 mL-beaker containing 360 mL reconstituted hard 
water and 12 mL of S. capricornutum feeding suspension. 
Cultures are fed 12 mL initially and on days one and two, 
and then 18 mL thereafter. When three distinct sizes are 
noted (generally day six), the largest organisms are isolated in 
100 mL-beakers containing 60 mL of hard water and 2 mL 
feeding suspension. Third brood neonates, less than 12 h old 
are used in toxicity testing and initiating new mass cultures. 
Generally, the first brood is produced on day four, the 
second brood on day five and the third brood on day seven. 
See also Guide E 1295 for culture requirements. 

A4J.1 The U.S. Environmental Protection Agency (83) 
recommends culturing D. magna in reconstituted hard water 
at 20*C with ambient light intensity of 50 to 100 ft c (10 to 
20 pE/m2/s, or 538 to 1076 lux), and a light:dark cycle of 
16:8 h. Culture vessels can be 3-L glass beakers containing 
2.75 L reconstituted hard water and 30 D. magna. The D. 
magna can be fed on a daily diet of S. capricornutum 
(100 000 algal cells/mL culture water) or fed three times a 
week a feeding suspension consisting of trout chow, alfalfa, 
and yeast (TCY) (1.5 mL TCY/1000 mL culture water). This 
should supply approximately 300 young per week. 

A4.3.2 The U.S. Environmental Protection Agency (82) 
procedures for Ceriodaphnia cultures are as follows. 
Ceriodaphnia are cultured in moderately hard water (80 to 
90 mg/L CaCOj) at 25 ± PC and receive a light:dark cycle of 
16:8 h. Mass cultures are maintained as backup organism 
reservoirs and individual organisms are cultured as the 
source of neonates for toxicity tests. Mass cultures can be 
initiated in two 3-L beakers filled to three-fourths capacity 
with moderately hard water and 40 to 50 neonates/L of 
medium. The stocked organisms should be transferred to 
fresh culture media twice weekly for two weeks. At each 
renewal, the adults are counted and the offspring and old 
medium discarded. The adults are discarded after two weeks 
and new mass cultures initiated with neonates. Mass cultures 
are fed daily at the rate of 7 mL of a yeast, ground cereal 

leaves,10 trout chow food preparation (YCT), and 7 mL of 5". 
capricornmum concentrate (3.0 to 3.5 x 107 cells/mL). 
Individual C. dubia cultures are maintained in 30-mL plastic 
cups or beakers containing 15 mL of culture media. Cultures 
are fed daily at the rate of 0.1 mL YCT and 0.1 mL algal 
concentrate per 15 mL media and are transferred to fresh 
media at least three times a week. Adults are used as sources 
of neonates until 14 days of age. Cultures properly main
tained should produce at least 15 young per adult in three 
broods (seven days or less). Goulden and Henry (79) list two 
other fresh water algal species which can be used for 
cladoceran food: Ankisirodesmus falcatus and Chlamy-
domonas reinhardtii. Winner (84) discusses the effects of 
four diets (C. reinhardtii. Selenastrum capricornutum. yeast, 
ground cereal leaves,10 trout chow (YCT), and YCT plus 5. 
capricornutum) and two reconstituted waters on the vitality 
of five to six lifespan generations of C. dubia. His results 
indicate that healthy populations can be maintained in 
reconstituted hard water containing only four salts as long as 
the food is nutritionally adequate and the water is reconsti
tuted from an ultrapure base water. 

A4.4 Brood Stock—D. magna and C. dubia.'4 Animals 
received from an outside source should be acclimated 
gradually to new culture media over a period of one to two 
days and taxonomy verified. 

A4.5 Background—Experimental design, such as number 
of test chambers, number,of treatments, animals per treat
ment, and water quality characteristics, should be based on 
the purpose of the test and the procedure used to calculate 
results. See Guides E 729 and E 1295, Test Method E 1297, 
and the preceding guide text for guidance. Nebeker et al. (87) 
recommended conducting 48 h sediment static tests in 
duplicate using l-L beakers containing 200 mL of sediment 
and 800 mL of water (1:4). The sediment is allowed to settle 
overnight, followed by gentle aeration of overlying water for 
30 min before introducing 15 D. magna per replicate., 
Malueg et al. (65) conducted recirculating sediment toxicity 
tests in a modified recycling device described by Prater and 
Anderson (63). The test chamber (23 cm long by 6.4 cm 
wide by 16 cm high) was positioned on a plexiglass plate over 
two 4-L jars. Twenty D. magna were plaoed in a vessel in the 
water column and five Hexagenia added to chamber sedi
ment. Three to six replicates were used for each control and 
test sediment. Seven day (three brood) toxicity tests for 
aqueous media using cladocerans have been conducted (22, 
86, 87) and variations of these methods used to assess 
sediment toxicity (22, 88). 

A4.6 Handling—The cladocerans are delicate and should 
be handled as carefully and little as possible. They are 
transferred with a 5-mm bore pipet and released slowly 
beneath the water surface. 

A4.7 Experimental Design for Acute Toxicity Tests— 
Sediments may be mixed, if appropriate for the study, by 
mixing with either a large plastic paddle, magnetic stirring 
bar or shaker table, before allocating to test chambers. See 
Test Method E 1297 and Guide E 1391 for guidance. Whole 
sediment assays use a 1:4 of sediment to water. Acute 

14 Staner cultures obtained from the Aquatic Biology Branch, Environmental 
Monitoring Systems Laboratory. USEPA, 3411 Church Street. Newtown. OH 

45244 have been found suitable. 
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toxicity tests are conducted in triplicate using 250 or lOO-mL 
beakers to which 30 mL of sediment (by weight) and 120 mL 
of reconstituted or site water are added (for 250-mL beakers). 
The weight of 30 mL of sediment is determined by initially 
calculating the average wet weight (g) of five, 5-mL aliquots 
of sediment obtained using a 10-cc syringe. The average 
weight of 5-mL is divided by five to obtain the weight of 1 
mL of sediment. The weight of 1 mL is multiplied by 30 mL 
to obtain the number of grams to be weighed into each test 
beaker. When a syringe cannot be used to dispense sedi
ments, sediment weight is used rather than volume, weighing 
30 g (wet weight) into each test beaker. In addition, sediment 
dry weights are determined by weighing triplicate three 5-mL 
aliquots of wet sediment, drying at 100 to 105°C for 24 h and 
then reweighing the sediment. Percent dry weight is calcu
lated by dividing the dry sediment weight (g) by the wet 
weight and multiplying by 100. Grams of dry weight per mL 
of wet sediment is determined by dividing the dry weight by 
the mL of wet sediment. Overlying water is gently added to 
each beaker, minimizing sediment resuspension. After a 1 to 
2 h settling period, ten test organisms are randomly added to 
each beaker. Test chambers should be inspected less than 2 h 
after the addition of test organisms to check for any floaters. 
Floaters may not survive and are subjected to a different 
exposure, thus can be removed and replaced within the first 
2 h. Boating may be caused by the sediment sample and 
may be considered a treatment effect in some cases. How
ever, responses tend to be variable and are seldom dose 
proportional. Surface films which entrap D. magna can be 
reduced by wiping the surface with cellulose filter paper prior 
to organism addition. 

A4.8 Experimental Design for Short-term Chronic Tox
icity Tests—Test initiation, test conditions and monitoring 
are as described in A4.7, A4.9, and A4.9.1 with the following 
exceptions, and basically follow standard methods (22 and 
Guide E 1295). Tests are conducted in 30-mL beakers using 
5 mL (or 5 g) sediment and 20 mL overlying water in 
replicates of ten. One organism (D. magna less than 24 h old 

or C. dubia less than 6 h old) is randomly added to each 
beaker, after the settling period. At each 24-h test interval, 
the adult is removed and placed in a beaker containing th^fl^ 
control water, young are counted and discarded, antflp 
physicochemical measures made. Approximately 15 mL of 
overlying water is suctioned off and gently renewed. The 
culturing food (such as YCT or algal-ground cereal leaves 
mixture) is then added (0.1 mL) to each beaker. After 
feeding, the adult organism is returned to the test beaker. 
The test is terminated at seven days and/or when at least 
60 % of the controls have produced their third brood. 

A4.9 Monitoring Data—Test conditions and monitoring 
should follow standard methods (82, 83). Test beakers are 
maintained at 25 ± 1°C and receive a 16:8 h light:dark cycle 
(20 lux). Dissolved oxygen and temperature are monitored at 
0, 24, and 48 h. Dissolved oxygen should not be allowed to 
drop below 40 % saturation. If it does, gentle bubbling 
should be used until adequate saturation is attained. The pH, 
hardness, and alkalinity are monitored at 0 and 48 h. 
Survival numbers were recorded at 24 and 48 h. Death of a 
test animal is judged as a result of observing no movement 
upon gentle prodding. Tests are considered valid when 
control mortality is < 10 % (83). Control treatments consist 
of reconstituted water or reference site water, and a control 
or reference sediment, or both, with the overlying test water 
(reconstituted or reference site). See the preceding guide text 
for additional guidance on sediment characterization, con
trols, references, and data analyses. 

A4.9.1 The seven-day, three-brood survival and reproduc
tion test requires the daily counting of adult survivors and^^ 
young production. Dissolved oxygen, temperature, and pf^^fc 
should be measured daily, before renewing overlying water^^ 
on two to three beakers in each treatment and control. 
Alkalinity and hardness are measured at test initiation and 
termination. For the test results to be acceptable controls 
must have 80 % survival with C. dubia controls averaging 15 
young and D. magna averaging 20 young per surviving 
female (82, 86, 89). 
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ATTACHMENT II 

Golder Associates 



MEMORANDUM 

TO: Monsanto Chemical Company November 7, 1995 

FR: Heidi Gregerson, Golder Associates Inc. 

RE: DATA VALIDATION SUMMARY (913-1101.603) 

INTRODUCTION 

This memo presents the results of data validation on the data package prepared by 
Analytical Resources Incorporated. Sample information is provided in the following 
table. 

SAMPLE ID COMMENTS ANALYSIS MEDIA 

SEE ATTACHMENT 
3 FOR SAMPLE 
LIST 

INORGANICS 
AND 

CHEMISTRY 

70 SEDIMENT 
3 WATERS 

Attachments 1 through 3 provide the following information as indicated below: 

Attachment 1. Glossary of Data Reporting Qualifiers 
Attachment 2. Annotated Laboratory Reports 
Attachment 3. Data Validation Supporting Documentation 

DATA QUALITY OBJECTIVES 

This section presents a summary of the data quality in terms of the referenced validation 
criteria. 

Precision. Goals for precision were met. 

Accuracy. Goals for accuracy were met, with the exception of those deficiencies listed 
below. 

Completeness. The data package was complete for all requested analyses. A total of 73 
samples were validated in this data package with a total of 803 determinations reported, 
all of which were deemed valid. 

Holding Time. No minor deficiencies were identified based on analytical holding times 
requiring qualification of data. 

Detection Limits. Detection limits goals were met for all sample results. 

Major Deficiencies. No major deficiencies were identified which required the 
qualification of data as unusable. 



Minor Deficiencies. The following minor deficiencies were identified which required the 
qualification of data: 

Analytical Spike 

• The analytical spike percent recovery for silver for samples M94SC034, 
M94SC036, M94SC040, M94SC046, M94SC049, and, M94SC059 were outside 
the control limit and qualification was applied accordingly. Attachments 2 
and 3 provide the data qualified and supporting documentation. 

Field QC 

• Samples M94SC009, M94SC031, and M94SC060 were identified as splits 
samples of M94SC006, M94SC030, and M94SC059, respectively. Attachment 3 
provides a summary of the evaluated RPDs, however, qualification is not 
required for field QC. 

• Samples M94SC022, M94SC035, and M94SC053 were identified as field 
duplicates of samples M94SC023, M94SC036, and M94SC054, respectively. 
The RPDs were evaluated and determined to be acceptable. 



ATTACHMENT 1 

GLOSSARY OF DATA QUALIFIERS 



Glossary of Inorganic Data Reporting Qualifiers. 

B - Indicates the constituent was analyzed for and detected. The concentration reported 
is less than the contract required detection limit (CRDL) but greater than the 
instrument detection limit (IDL). The associated data should be considered usable for 
decision making purposes. 

U - Indicates the constituent was analyzed for and not detected. The concentration 
reported is the sample detection limit corrected for aliquot size, dilution and percent 
solids (in the case of solid matrices) by the laboratory. The associated data should be 
considered usable for decision making purposes. 

UJ - Indicates the constituent was analyzed for and not detected. Due to a minor quality 
control deficiency identified during data validation the concentration may not 
accurately reflect the sample detection limit. The associated data have been qualified 
as estimated but should be considered usable for decision making purposes. 

BJ - Indicates the constituent was analyzed for and detected at a concentration less than 
the contract required detection limit (CRDL) but greater than the instrument detection 
limit (IDL). Due to a minor quality control deficiency identified during data validation 
the associated data have been qualified as estimated, but should be considered usable 
for decision making purposes. 

J - Indicates the constituent was analyzed for and detected. Due to a minor quality 
control deficiency identified during data validation the associated data have been 
qualified as estimated, but should be considered usable for decision making purposes. 

UR - Indicates the constituent was analyzed for and not detected. Due to a major quality 
control deficiency identified during data validation, the associated data have been 
qualified as unusable for decision making purposes. 

R - Indicates the constituent was analyzed for and detected. Due to a major quality 
control deficiency identified during data validation, the associated data have been 
qualified as unusable for decision making purposes. 



ATTACHMENT 2 

ANNOTATED LABORATORY REPORTS 



ARI job number: 
ARI Sample number: 

J009 
A 

Client: Golder 
Contact: Kent Angelos 
Matrix: Soil 

% Solids: 35.27 

ID number: M94SC001 
Project: 913-1101.604 

Description: 
Sampled: 11/11/94 

Received: 11/21/94 

Released by: 

ANALYTICAL 
RESOURCES 
INCORPORATED 

Analytical 
Chemists & 
Consultants 

333 Ninth Ave. North 
Seattle, WA95:03-5187 
(206) 621-6490 
(206) 621-7523 (FAX) 

A N A L Y T I C A L  R E 

CAS Number Analyte Concentration C LOD Prep M Analyzed 

7440-38-2 Arsenic 21 mg/kg-dry 1 SWN GFA 12/02/94 

7440-43-9 Cadmium 32.7 mg/kg-dry 0.9 SWC ICP 12/06/94 

7440-50-8 Copper 7.6 mg/kg-dry 0.9 SWC I CP 12/06/94 

7439-98-7 Molybdenum 2 mg/kg-dry U 2 SWC ICP 12/06/94 

7440-02-0 Nickel 35 mg/kg-dry 4 SWC ICP 12/06/94 

7782-49-2 Selenium 5 mg/kg-dry 1 SWN GFA 12/01/94 

7440-22-4 Silver 0.24 mg/kg-dry 0.04 SWN GFA 12/07/94 

7440-62-2 Vanadium 38.0 mg/kg-dry 0.9 SWC ICP 12/06/94 



AR.I job number: 
ARI Sample number: 

Client: 
Contact: 
Matrix: 

J009 
B 

Golder 
Kent Angelos 
Soil 

% Solids: 34.38 

ID number: 
Project: 

Description: 
Sampled: 

Received: 

M94SC002 
913-1101.604 

11/11/94 
11/21/94 

Released by: 

A N A L Y T I C A L  R E 

ANALYTICAL 
RESOURCES 
INCORPORATED 

Analytical 
Chemists & 
Consultants 

333 Ninth Ave. North 
Seattle, WA 98109-518 
(206) 621-6490 
(206) 621-7523 (FAX) 

CAS Number Analyte Concentration C LOD Prep M Analyzed 

7440-38-2 Arsenic 25 mg/kg-dry 2 SWN GFA 12/02/94 

7440-43-9 Cadmium 28.2 mg/kg-dry 0.9 SWC I CP 12/07/94 

7440-50-8 Copper 9.5 mg/kg-dry 0.9 SWC ICP 12/07/94 

7439-98-7 Molybdenum 2 mg/kg-dry U 2 SWC I CP 12/07/94 

7440-02-0 Nickel 40 mg/kg-dry 5 SWC ICP 12/07/94 

7782-49-2 Selenium 4 mg/kg-dry 1 SWN GFA 12/01/94 

7440-22-4 Silver 0.30 mg/kg-dry 0.04 SWN GFA 12/07/94 

7440-62-2 Vanadium 43.2 mg/kg-dry 0.9 SWC ICP 12/07/94 



ARI Sample number: 
Client: 

Contact: 
Matrix: 

ARI job number: JO09 
C 
Golder 
Kent Angelos 
Soil 

% Solids: 29.97 

ID number: M94SC003 
Project: 913-1101.504 

Description: 
Sampled: 11/11/94 

Received: 11/21/94 

Released by: 

A N A L Y T I C A L  

ANALYTICAL 
RESOURCES 
INCORPORATED 

Analytical 
Chemists & 
Consultants 

333 Ninth Ave. North 
Seattle, WA 98109-5187 
(206) 621-6490 
(206) 621-7523 (FAX) 

CAS Number Analyte Concentration C LOD Prep M Analyzed 

7440-38-2 Arsenic 27 mg/kg-dry 2 SWN GFA 12/02/94 

7440-43-9 Cadmium 26.7 mg/kg-dry 0.9 SWC ICP 12/07/94 

7440-50-8 Copper 9.4 mg/kg-dry 0.9 SWC ICP 12/07/94 

7439-98-7 Molybdenum 2 mg/kg-dry U 2 SWC ICP 12/07/94 

7440-02-0 Nickel 42 mg/kg-dry 5 SWC ICP 12/07/94 

7782-49-2 Selenium 5 mg/kg-dry 1 SWN GFA 12/01/94 

7440-22-4 Silver 0.33 mg/kg-dry 0.05 SWN GFA 12/07/94 

7440-62-2 Vanadium 47.2 mg/kg-dry 0.9 SWC ICP 12/07/94 



ANALYTICAL 
RESOURCES 
INCORPORATED 

AKI job number: 
ARI Sample number: 

Client: 
Contact: 
Matrix: 

J009 
D 
Golder 
Kent Angelos 
Soil 

% Solids: 39.49 

ID number: 
Project: 

Description: 
Sampled: 
Received: 

Released by: 

M94SC005 
913-1101.604 

11/11/94 
11/21/94 

A N A L Y T I C A L  

Analytical 
Chemists & 
Consultants 

333 Ninth Ave. North 
Seattle. WA 98109-5187 
(206) 621-6490 
(206) 621-7523 (FAX) 

CAS Number Analyte Concentration C LOD Prep M Analyzed 

7 4 4 0 - 3 8 - 2  Arsenic 3 2  mg/kg-dry 2  SWN GFA 1 2 / 0 2 / 9 4  

7 4 4 0 - 4 3 - 9  Cadmium 3 5 . 6  mg/kg-dry 0 . 8  SWC I CP 1 2 / 0 6 / 9 4  

7 4 4 0 - 5 0 - 8  Copper 1 3 . 7  mg/kg-dry 0 . 8  swc ICP 1 2 / 0 6 / 9 4  

7 4 3 9 - 9 8 - 7  Molybdenum 2  mg/kg-dry U 2  SWC ICP 1 2 / 0 6 / 9 4  

7 4 4 0 - 0 2 - 0  Nickel 5 0  mg/kg-dry 4 swc ICP 1 2 / 0 6 / 9 4  

7 7 8 2 - 4 9 - 2  Selenium 6  mg/kg-dry 1  SWN GFA 1 2 / 0 1 / 9 4  

7 4 4 0 - 2 2 - 4  Silver 0 . 6 7  mg/kg-dry 0 . 0 8  SWN GFA 1 2 / 0 9 / 9 4  

7 4 4 0 - 6 2 - 2  Vanadium 7 6 . 7  mg/kg-dry 0 . 8  SWC ICP 1 2 / 0 6 / 9 4  



ARI job number: 
ARI Sample number: 

Client: 
Contact: 
Matrix: 

J009 
E 
Golder 
Kent Angelos 
Soil 

% Solids: 40.46 

XD number: M94SC006 
Project: 913-1101.604 

Description: 
Sampled: 11/11/94 

Received: 11/21/94 

Released by: 

A N A L Y T I C A L  R E  L T S 

ANALYTICAL 
RESOURCES 
INCORPORATED 

Analytical 
Chemists & 
Consultants 

333 Ninth Ave. North 
Seattle, WA 98109-5187 
(206)621-6490 
(206) 621-7523 (FAX) 

CAS Number Analyte Concentration C LOD Prep M Analyzed 

7440-38-2 Arsenic 69 mg/kg-dry 4 SWN GFA 12/02/94 

7440-43-9 Cadmium 35.4 mg/kg-dry 0.7 SWC ICP 12/06/94 

7440-50-8 Copper 11.0 mg/kg-dry 0.7 SWC ICP 12/06/94 

7439-98-7 Molybdenum 2 mg/kg-dry U 2 SWC ICP 12/06/94 

7440-02-0 Nickel 43 mg/kg-dry 3 SWC ICP 12/06/94 

7782-49-2 Selenium 5 mg/kg-dry 1 SWN GFA 12/01/94 

7440-22-4 Silver 0.39 mg/kg-dry 0.04 SWN GFA 12/09/94 

7440-62-2 Vanadium 67.1 mg/kg-dry 0.7 SWC ICP 12/06/94 



ARI job number: JO09 
ARI Sample number: F 

Client: Golder 
Contact: Kent Angeios 
Matrix: Soil 

% Solids: 46.13 

M94SC007 
913-1101.604 

ID number: 
Project: 

Description: 
Sampled: 11/11/94 

Received: 11/21/94 

Released by: 

ANALYTICAL 
RESOURCES 
INCORPORATED 

Analytical 
Chemists & 
Consultants 

333 Ninth Ave. North 
Seattle. WA 98109-5187 
(206) 621-6490 
(206) 621-7523 (FAX) 

A N A L Y T I C A L  R  E < - S  U  L  T  S  

CAS Number Analyte Concentration C LOD Prep M Analyzed 

7440-38-2 Arsenic 47 mg/kg-dry 2 SWN GFA 12/02/94 

7440-43-9 Cadmium 39.6 mg/kg-dry 0.6 SWC ICP 12/06/94 

7440-50-8 Copper 12.3 mg/kg-dry 0.6 SWC ICP 12/06/94 

7439-98-7 Molybdenum 1 mg/kg-dry U 1 SWC ICP 12/06/94 

7440-02-0 Nickel 43 mg/kg-dry 3 SWC ICP 12/06/94 

7782-49-2 Selenium 4.2 mg/kg-dry 0.2 SWN GFA 11/30/94 

7440-22-4 Silver 0.59 mg/kg-dry 0.08 SWN GFA 12/09/94 

7440-62-2 Vanadium 71.6 mg/kg-dry 0.6 SWC ICP 12/06/94 



ANALYTICAL 
RESOURCES 
INCORPORATED 

ARI job number: 
ARI Sample number: 

Client: 
Contact: 
Matrix: 

J009 
G 
Golder 
Kent Angelos 
Soil 

% Solids: 54.47 

ID number: 
Project: 

Description: 
Sampled: 

Received: 

M94SC019 
913-1101. 

11/14/94 
11/21/94 

604 

Released by: 

A N A L Y T I C A L  R E L T S 

Analytical 
Chemists & 
Consultants 

333 Ninth Ave. Ncnh 
Seattle. WA 95103-5187 
(206) 621-64SC 
(206) 621-7523 (FAX) 

CAS Number Analyte Concentration C LOD Prep M Analyzed 

7440-38-2 Arsenic 15 mg/kg-dry 2 SWN GFA 12/02/94 

7440-43-9 Cadmium 18.3 mg/kg-dry 0.7 SWC 1CP 12/06/94 

7440-50-8 Copper 12.9 mg/kg-dry 0.7 SWC I CP 12/06/94 

7439-98-7 Molybdenum 2 mg/kg-dry U 2 SWC ICP 12/06/94 

7440-02-0 Nickel 34 mg/kg-dry 3 SWC ICP 12/06/94 

7782-49-2 Selenium 3.3 mg/kg-dry 0.9 SWN GFA 12/01/94 

7440-22-4 Silver 0.36 mg/kg-dry 0.07 SWN GFA 12/07/94 

7440-62-2 Vanadium 51.5 mg/kg-dry 0.7 SWC ICP 12/06/94 



ARI job number: 
ARI Sample number: 

Client: 
Contact: 
Matrix: 

J009 
H 
Golder 
Kent Angelos 
Soil 

% Solids: 37.86 

ID number: 
Project: 

Description: 
Sampled: 
Received: 

Released by: 

M94SC020 
913-1101. 

11/14/94 
11/21/94 

604 

A N A L Y T I C A L  

ANALYTICAL 
RESOURCES 
INCORPORATED 

Analytical 
Chemists & 
Consultants 

333 Ninth Ave. North 
Seattle, WA S8109-5187 
(206)621-6490 
(206) 621-7523 (FAX) 

CAS Number Analyte Concentrat ion C LOD Prep M Analyzed 

7440-38-2 Arsenic 27 mg/kg-dry 2 SWN GFA 12/02/94 

7440-43-9 Cadmium 43.0 mg/kg-dry 0.5 SWC ICP 12/07/94 

7440-50-8 Copper 27.6 mg/kg-dry 0.5 SWC ICP 12/07/94 

7439-98-7 Molybdenum 2 mg/kg-dry 1 SWC ICP 12/07/94 

7440-02-0 Nickel 44 mg/kg-dry 2 SWC ICP 12/07/94 

7782-49-2 Selenium 11 mg/kg-dry 1 SWN GFA 12/01/94 

7440-22-4 Silver 0.46 mg/kg-dry 0. 05 SWN GFA 12/09/94 

7440-62-2 Vanadium 165 mg/kg-dry 0.5 SWC - ICP 12/07/94 



ARI job number: 
ARI Sample number: 

Client: 
Contact: 
Matrix: 

J009 
I 
Golder 
Kent Angelos 
Soil 

% Solids: 33.42 

ID number: M94SC021 
Project: 913-1101.604 

Description: 
Sampled: 11/14/94 

Received: 11/21/94 

Released by: 

ANALYTICAL 
RESOURCES 
INCORPORATED 

Analytical 
Chemists & 
Consultants 

333 Ninth Ave. Nonh 
Seattle. WA 9810S-5187 
(206) 621-6-490 
(206)621-7523 (FAX) 

A N A L Y T I C A L  R E S U L T S  

CAS Number Analyte Concentration C LOD Prep M Analyzed 

7440-38-2 Arsenic 18 mg/kg-dry 2 SWN GFA 12/02/94 

7440-43-9 Cadmium 31.2 mg/kg-dry 0.4 SWC I CP 12/06/94 

7440-50-8 Copper 13.9 mg/kg-dry 0.4 SWC ICP 12/06/94 

7439-98-7 Molybdenum 1 mg/kg-dry U 1 SWC ICP 12/06/94 

7440-02-0 Nickel 39 mg/kg-dry 2 SWC ICP 12/06/94 

7782-49-2 Selenium 6 mg/kg-dry 1 SWN GFA 12/05/94 

7440-22-4 Silver 0.30 mg/kg-dry 0. 05 SWN GFA 12/07/94 

7440-62-2 Vanadium 82.3 mg/kg-dry 0.4 SWC ICP 12/06/94 



ARI job number: J009 
ARI Sample number: J 

Client: Golder 
Contact: Kent Angeles 
Matrix: Soil 

% Solids: 23.55 

ID number: M94SC022 
Project: 913-1101.604 

Description: 
Sampled: 

Received: 
11/14/94 
11/21/94 

Released by: 

A N A L Y T I C A L  R E 

ANALYTICAL 
RESOURCES 
INCORPORATED 

Analytical 

Chemists & 
Consultants 

333 Ninth Ave. North 
Seattle. VVA 98109-5187 
(206)621-6490 
(206) 621-7523 (FAX) 

CAS Number Analyte Concentration C LOD Prep M Analyzed 

7440-38-2 Arsenic 33 mg/kg-dry 3 SWN GFA 12/02/94 

7440-43-9 Cadmium 52.4 mg/kg-dry 0.7 SWC ICP 12/06/94 

7440-50-8 Copper 32.3 mg/kg-dry 0.7 SWC ICP 12/06/94 

7439-98-7 Molybdenum 3 mg/kg-dry 2 SWC ICP 12/06/94 

7440-02-0 Nickel 46 mg/kg-dry 4 SWC ICP 12/06/94 

7782-49-2 Selenium 14 mg/kg-dry 2 SWN GFA 12/01/94 

7440-22-4 Silver 0.6 mg/kg-dry 0.1 SWN GFA 12/14/94 

7440-62-2 Vanadium 240 mg/kg-dry 0.7 SWC ICP 12/06/94 



ARI job number: 
ARI Sample number: 

Client: 
Contact: 
Matrix: 

% Solids: 

CAS Number Analyte Concentration C LOD Prep M Analyzed 

7440-38-2 Arsenic 35 mg/kg-dry 3 SWN GFA 12/02/94 

7440-43-9 Cadmium 56.9 mg/kg-dry 0.7 SWC I CP 12/06/94 

7440-50-8 Copper 36.6 mg/kg-dry 0.7 SWC ICP 12/06/94 

7439-98-7 Molybdenum 2 mg/kg-dry 2 SWC ICP 12/06/94 

7440-02-0 Nickel 47 mg/kg-dry 3 SWC ICP 12/06/94 

7782-49-2 Selenium 15 mg/kg-dry 2 SWN GFA 12/01/94 

7440-22-4 Silver 0.7 mg/kg-dry 0.1 SWN GFA 12/09/94 

7440-62-2 Vanadium 267 mg/kg-dry 0.7 SWC ICP 12/06/94 

J009 
K 
Golder 
Kent Angelos 
Soil 

ID number: M94SC023 
Project: 913-1101.504 

Description: 
Sampled: 11/14/94 
Received: 11/21/94 

21.49 Released by: 

A N A L Y T I C A L  R E  

ANALYTICAL 
RESOURCES 
INCORPORATED 

Analytical 
Chemists & 
Consultants 

333 Ninth Ave. North 
Seattle. VVA 98109-5187 
(206) 621-6490 
(206) 621-7523 (FAX) 



ARI job number: J009 
AKI Sample number: 

Client: 
Contact: 
Matrix: 

L 
Golder 
Kent Angelos 
Soil 

% Solids: 17.02 

ID number: M94SC024 
Project: 

Description: 
Sampled: 
Received: 

Released by: 

913-1101.604 

11/14/94 
11/21/94 

A N A L Y T I C A L  

ANALYTICAL 
RESOURCES 
INCORPORATED 

Analytical 

Chemists & 
Consultants 

323 Ninth Ave. North 
Seattle. WA9B109-518 
(206)621-6490 
(206) 621-7523 (FAX) 

CAS Number Analyte Concentration C LOD Prep M Analyzed 

7440-38-2 Arsenic 34 mg/kg-dry 6 SWN GFA 12/02/94 

7440-43-9 Cadmium 61 mg/kg-dry 1 SWC ICP 12/06/94 

7440-50-8 Copper 37 mg/kg-dry 1 SWC ICP 12/06/94 

7439-98-7 Molybdenum 3 mg/kg-dry U 3 SWC ICP 12/06/94 

7440-02-0 Nickel 47 mg/kg-dry 6 SWC ICP 12/06/94 

7782-49-2 Selenium 13 mg/kg-dry 1 SWN GFA 12/01/94 

7440-22-4 Silver 0.4 mg/kg-dry 0.1 SWN GFA 12/07/94 

7440-62-2 Vanadium 290 mg/kg-dry 1 SWC ICP 12/06/94 



ARI job number: 
ARI Sample number: 

Client: 
Contact: 
Matrix: 

J009 
M 
Golder 
Kent Angelos 
Soil 

Solids: 45.21 

ID number: M94SC026 
Project: 913-1101.604 

Description: 
Sampled: 11/14/94 

Received: 11/21/94 

Released by: 

A N A L Y T I C A L  R E 

ANALYTICAL 
RESOURCES 
INCORPORATED 

Analytical 

Chemists & 
Consultants 

333 Ninth Ave. North 
Seattle, WA9810S-5187 
(206) 621-6490 
(206) 621-7523 (FAX) 

CAS Number Analyte Concentrat ion C LOD Prep M Analyzed 

7440-38-2 Arsenic 24 mg/kg-dry 2 SWN GFA 12/02/94 

7440-43-9 Cadmium 14.6 mg/kg-dry 0.6 SWC I CP 12/06/94 

7440-50-8 Copper 10.8 mg/kg-dry 0.6 SWC ICP 12/06/94 

7439-98-7 Molybdenum 2 mg/kg-dry U 2 SWC ICP 12/06/94 

7440-02-0 Nickel 48 mg/kg-dry 3 SWC ICP 12/06/94 

7782-49-2 Selenium 8.1 mg/kg-dry 0.9 SWN GFA 12/01/94 

7440-22-4 Silver 0.08 mg/kg-dry 0.03 SWN GFA 12/07/94 

7440-62-2 Vanadium 67.5 mg/kg-dry 0.6 SWC ICP 12/06/94 



Alt.I job number: 
ARI Sample number: 

Client: 
Contact: 
Matrix: 

JO 09 
N 
Golder 
Kent Angelos 
Soil 

% Solids: 60.11 

ID number: M94SC027 
Project: 913-1101.604 

Description: 
Sampled: 

Received: 

Released by: 

11/14/94 
11/21/94 

A N A L Y T I C A L  R  E ^ S  U  L  T  S  
7 

ANALYTICAL 
RESOURCES 
INCORPORATED 

Analytical 
Chemists & 
Consultants 

333 Ninth Ave North 
Seattle, WA 98109-5187 
(206) 621-6490 
(206) 621-7523 (FAX) 

CAS Number Analyte Concentration C LOD Prep M Analyzed 

7440-38-2 Arsenic 21 mg/kg-dry 1 SWN GFA 12/02/94 

7440-43-9 Cadmium 11.9 mg/kg-dry 0.5 SWC ICP 12/06/94 

7440-50-8 Copper 10.2 mg/kg-dry 0.5 swc I CP 12/06/94 

7439-98-7 Molybdenum 1 mg/kg-dry U 1 SWC ICP 12/06/94 

7440-02-0 Nickel 34 mg/kg-dry 3 swc ICP 12/06/94 

7782-49-2 Selenium 4.9 mg/kg-dry 0.7 SWN GFA 12/01/94 

7440-22-4 Silver 0.06 mg/kg-dry 0.03 SWN GFA 12/07/94 

7440-62-2 Vanadium 49.1 mg/kg-dry 0.5 SWC ICP 12/06/94 



ARI job number: J009 
ARI Sample number: 0 

Client: Golder 
Contact: Kent Angelos 
Matrix: Soil 

% Solids: 46.06 

ID number: M94SC028 
Project: 913-1101.604 

Description: 
Sampled: 11/14/94 
Received: 11/21/94 

Released by: 

A N A L Y T I C A L  R  E  U  L  T  S  

ANALYTICAL 
RESOURCES 
INCORPORATED 

Analytical 
Chemists & 
Consultants 

333 Ninth Ave. North 
Seattle, WA 98109-5187 
(206)621-6490 
(206) 621-7523 (FAX) 

CAS Number Analyte Concentration C LOD Prep M Analyzed 

7440-38-2 Arsenic 16 mg/kg-dry 2 SWN GFA 12/02/94 

7440-43-9 Cadmium 13.5 mg/kg-dry 0.3 SWC I CP 12/07/94 

7440-50-8 Copper 11.2 mg/kg-dry 0.3 SWC I CP 12/07/94 

7439-98-7 Molybdenum 1.1 mg/kg-dry 0.8 SWC I CP 12/07/94 

7440-02-0 Nickel 37 mg/kg-dry 2 SWC ICP 12/07/94 

7782-49-2 Selenium 10 mg/kg-dry 1 SWN GFA 12/01/94 

7440-22-4 Silver 0.08 mg/kg-dry 0.04 SWN GFA 12/09/94 

7440-62-2 Vanadium 62.0 mg/kg-dry 0.3 SWC ICP 12/07/94 



AHI job number: 
ARI Sample number: 

Client: 
Contact: 

J009 
P 
Golder 
Kent Angelos 

Matrix: Soil 

% Solids: 53.14 

ID number: M94SC029 
Project: 913-1101.604 

Description: 
Sampled: 11/14/94 
Received: 11/21/94 

Released by: 

A N A L Y T I C A L  R  E  

ANALYTICAL 
RESOURCES 
INCORPORATED 

Analytical 
Chemists & 
Consultants 

323 Ninth Ave. North 
Seattle, WA 98109-5187 
(206)621-6490 
(206)621-7523 (FAX) 

CAS Number Analyte Concentration C LOD Prep M Analyzed 

7440-38-2 Arsenic 28 mg/kg-dry 1 SWN GFA 12/02/94 

7440-43-9 Cadmium 12.1 mg/kg-dry 0.7 SWC ICP 12/06/94 

7440-50-8 Copper 7.7 mg/kg-dry 0.7 SWC I CP 12/06/94 

7439-98-7 Molybdenum 2 mg/kg-dry U 2 SWC ICP 12/06/94 

7440-02-0 Nickel 44 mg/kg-dry 3 SWC ICP 12/06/94 

7782-49-2 Selenium 5.8 mg/kg-dry 0.7 SWN GFA 12/01/94 

7440-22-4 Silver 0.07 mg/kg-dry 0.03 SWN GFA 12/09/94 

7440-62-2 Vanadium 59.7 mg/kg-dry 0.7 SWC ICP 12/06/94 



ARI job number: J009 
ARI Sample number: Q 

Client: Golder 
Contact: Kent Angelos 
Matrix: Soil 

% Solids: 47.65 

ID number: 
Project: 

Description: 
Sampled: 
Received: 

Released by: 

M94SC030 
913-1101.604 

11/14/94 
11/21/94 

A N A L Y T I C A L  R E S U L T S  

ANALYTICAL 
RESOURCES 
INCORPORATED 

Analytical 
Chemists & 
Consultants 

333 Ninth Ave. North 
Seattle. WA 96109-5187 
(206)621-6490 
(206) 621-7523 (FAX) 

CAS Number Analyte Concentrat ion C LOD Prep M Analyzed 

7440-38-2 Arsenic 18 mg/kg-dry 1 SWN GFA 12/02/94 

7440-43-9 Cadmium 14.1 mg/kg-dry 0.6 SWC ICP 12/06/94 

7440-50-8 Copper 9.7 mg/kg-dry 0.6 SWC I CP 12/06/94 

7439-98-7 Molybdenum 1 mg/kg-dry U 1 SWC ICP 12/06/94 

7440-02-0 Nickel 42 mg/kg-dry 3 SWC ICP 12/06/94 

7782-49-2 Selenium 11 mg/kg-dry 1 SWN GFA 12/05/94 

7440-22-4 Silver 0.10 mg/kg-dry 0.03 SWN GFA 12/09/94 

7440-62-2 Vanadium 62.1 mg/kg-dry 0.6 SWC ICP 12/06/94 



ARI job number 
ARI Sample number 

J009 
R 

Client: Golder 
Contact: Kent Angelos 
Matrix: Soil 

% Solids: 16.2S 

ID number: M94SC033 
Project: 913-1101.604 

Description: 
Sampled: 
Received: 

11/15/94 
11/21/94 

Released by: 

A N A L Y T I C A L  R  E  

ANALYTICAL 
RESOURCES 
INCORPORATED 

Analytical 
Chemists & 
Consultants 

333 Ninth Ave. North 
Seattle. WA 98109-5167 
(206)621-6490 
(206) 621-7523 (FAX) 

U  L  T  S  

CAS Number Analyte Concentration C LOD Prep M Analyzed 

7440-38-2 Arsenic 18 mg/kg-dry 3 SWN GFA 12/06/94 

7440-43-9 Cadmium 47.9 mg/kg-dry 0.9 SWC ICP 12/06/94 

7440-50-8 Copper 15.5 mg/kg-dry 0.9 SWC ICP 12/06/94 

7439-98-7 Molybdenum 6 mg/kg-dry 2 SWC ICP 12/06/94 

7440-02-0 Nickel 90 mg/kg-dry 4 SWC ICP 12/06/94 

7782-49-2 Selenium 93 mg/kg-dry 3 SWN GFA 12/01/94 

7440-22-4 Silver 0.2 mg/kg-dry 0.1 SWN GFA 12/12/94 

7440-62-2 Vanadium 102 mg/kg-dry 0.9 SWC ICP 12/06/94 



ARI job number: J009 
ARI Sample number: S 

Client: Golder 
Contact: Kent Angelos 
Matrix: Soil 

% Solids: 15.68 

ID number: M94SC034 
Project: 913-1101.604 

Description: 
Sampled: 11/15/94 
Received: 11/21/94 

Released by: 

A N A L Y T I C A L  R  E  

ANALYTICAL 
RESOURCES 
INCORPORATED 

Analytical 
Chemists & 
Consultants 

333 Ninth Ave. North 
Seattle, WA 98109-5187 
(206)621-6490 
(206) 621-7523 (FAX) 

CAS Number Analyte Concentration C LOD Prep M Analyzed 

7440-38-2 Arsenic 18 mg/kg-dry 3 SWN GFA 12/06/94 

7440-43-9 Cadmium 43 mg/kg-dry 1 SWC ICP 12/06/94 

7440-50-8 Copper 13 mg/kg-dry 1 SWC I CP 12/06/94 

7439-98-7 Molybdenum 13 mg/kg-dry 2 SWC ICP 12/06/94 

7440-02-0 Nickel 115 mg/kg-dry 5 SWC ICP 12/06/94 

7782-49-2 Selenium 97 mg/kg-dry 3 SWN GFA 12/01/94 

7440-22-4 Silver 0.1 mg/kg-dry 0.1 SWN GFA 12/09/94 

7440-62-2 Vanadium 94 mg/kg-dry 1 SWC ICP 12/06/94 

 ̂, 

/Aj/fr 



ARI job number: J009 
ARI Sample number: T 

Client: Golder 
Contact: Kent Angelos 
Matrix: Soil 

% Solids: 19.92 

ID number: M94SC035 
Project: 913-1101.604 

Description: 
Sampled: 11/15/94 
Received: 11/21/94 

Released by: 

A N A L Y T I C A L  R  E  L  T  S  

ANALYTICAL 
RESOURCES 
INCORPORATED 

Analytical 
Chemists & 
Consultants 

333 Ninth Ave. North 
Seattle, WA 98109-5187 
(206) 621-6490 
(206) 621-7523 (FAX) 

CAS Number Analyte Concentration C LOD Prep M Analyzed 

7440-38-2 Arsenic 18 mg/kg-dry 2 SWN GFA 12/06/94 

7440-43-9 Cadmium 47.1 mg/kg-dry 0.7 SWC ICP 12/06/94 

7440-50-8 Copper 11.6 mg/kg-dry 0.7 SWC ICP 12/06/94 

7439-98-7 Molybdenum 6 mg/kg-dry 2 SWC ICP 12/06/94 

7440-02-0 Nickel 118 mg/kg-dry 4 SWC ICP 12/06/94 

7782-49-2 Selenium 83 mg/kg-dry 2 SWN GFA 12/01/94 

7440-22-4 Silver 0.09 mg/kg-dry U 0.09 SWN GFA 12/09/94 

7440-62-2 Vanadium 96.6 mg/kg-dry 0.7 SWC ICP 12/06/94 



ARI job number: J009 
ARI Sample number: U 

Client: Golder 
Contact: Kent Angelos 
Matrix: Soil 

% Solids: 21.13 

ID number: M94SC036 
Project: 913-1101.604 

Description: 
Sampled: 11/15/94 
Received: 11/21/94 

Released by: 

A N A L Y T I C A L  

ANALYTICAL 
RESOURCES 
INCORPORATED 

Analytical 
Chemists & 
Consultants 

333 Ninth Ave. Nor.h 
Seattle. WA 96105-5187 
(206)621-6490 
(206)621-7523 (FAX) 

CAS Number Analyte Concentration C LOD Prep M Analyzed 

7440-38-2 Arsenic 21 mg/kg-dry 4 SWN GFA 12/02/94 

7440-43-9 Cadmium 42.4 mg/kg-dry 0.8 SWC 1CP 12/07/94 

7440-50-8 Copper 13.0 mg/kg-dry 0.8 SWC ICP 12/07/94 

7439-98-7 Molybdenum 7 mg/kg-dry 2 SWC ICP 12/07/94 

7440-02-0 Nickel 126 mg/kg-dry 4 SWC ICP 12/07/94 

7782-49-2 Selenium 81 mg/kg-dry 4 SWN GFA 12/05/94 

7440-22-4 Silver 0.11 mg/kg-dry 0.08 SWN GFA 12/09/94 

7440-62-2 Vanadium 96.1 mg/kg-dry 0.8 SWC ICP 12/07/94 



ANALYTICAL 
RESOURCES 
INCORPORATED 

ARI job number: J009 
ARI Sample number: 

Client: 
Contact: 
Matrix: 

Golder 
Kent Angelos 
Soil 

% Solids: 20.13 

XD number: M94SC038 
Project: 913-1101.604 

Description: 
Sampled: 
Received: 

Released by: 

11/15/94 
11/21/94 

A N A L Y T I C A L  

Analytical 
Chemists & 
Consultants 

333 Ninth Ave. Nonh 
Seattle. WA 98109-5'S 
(206)621-6490 
(206) 621-7523 (FAX) 

CAS Number Analyte Concentration C LOD Prep M Analyzed 

7440-38-2 Arsenic 22 mg/kg-dry 2 SWN GFA 12/06/94 

7440-43-9 Cadmium 63.5 mg/kg-dry 0.9 SWC I CP 12/07/94 

7440-50-8 Copper 16.8 mg/kg-dry 0.9 SWC I CP 12/07/94 

7439-98-7 Molybdenum 4 mg/kg-dry 2 SWC ICP 12/07/94 

7440-02-0 Nickel 81 mg/kg-dry 5 SWC I CP 12/07/94 

7782-49-2 Selenium 63 mg/kg-dry 2 SWN GFA 12/01/94 

7440-22-4 Silver 0.1 mg/kg-dry 0.1 SWN GFA 12/12/94 

7440-62-2 Vanadium 76.4 mg/kg-dry 0.9 SWC ICP 12/07/94 



ARI job number: 
ARI Sample number: 

Client: 
Contact: 
Matrix: 

J009 
W 
Golder 
Kent Angelos 
Soil 

% Solids: 33.46 

ID number: M94SC039 
Project: 913-1101.604 

Description: 
Sampled: 11/15/94 
Received: 11/21/94 

Released by: 

A N A L Y T I C A L  R E  L T S  

ANALYTICAL 
RESOURCES 
INCORPORATED 

Analytical 
Chemists & 
Consultants 

333 Ninth Ave. North 
Seattle. WA 98109-5187 
(206) 621-6490 
(206) 621-7523 (FAX) 

CAS Number Analyte Concentration C LOD Prep M Analyzed 

7440-38-2 Arsenic 24 mg/kg-dry 3 SWN GFA 12/02/94 

7440-43-9 Cadmium 5.0 mg/kg-dry 0.9 SWC ICP 12/08/94 

7440-50-8 Copper 5.3 mg/kg-dry 0.9 SWC I CP 12/08/94 

7439-98-7 Molybdenum 2 mg/kg-dry U 2 SWC ICP .12/08/94 

7440-02-0 Nickel 105 mg/kg-dry 5 SWC ICP 12/08/94 

7782-49-2 Selenium 15 mg/kg-dry 3 SWN GFA 12/05/94 

7440-22-4 Silver 0.06 mg/kg-dry U 0.06 SWN GFA 12/09/94 

7440-62-2 Vanadium 66.7 mg/kg-dry 0.9 SWC ICP 12/08/94 



ARI job number: 
ARI Sample number: 

Client: 
Contact: 
Matrix: 

J009 
X 
Golder 
Kent Angelos 
Soil 

% Solids: 22.84 

ID number: M94SC040 
Project: 913-1101.604 

Description: 
Sampled: 11/15/94 
Received: 11/21/94 

Released by: 

A N A L Y T I C A L  R E 

ANALYTICAL 
RESOURCES 
INCORPORATED 

Analytical 
Chemists & 
Consultants 

333 Ninth Ave. North 
Seattle, WA 86109-5157 
(206) 621-6490 
(206) 621-7523 (FAX) 

CAS Number Analyte Concentration C LOD Prep M Analyzed 

7440-38-2 Arsenic 22 mg/kg-dry 4 SWN GFA 12/02/94 

7440-43-9 Cadmium 47.0 mg/kg-dry 0.7 SWC ICP 12/07/94 

7440-50-8 Copper 12.6 mg/kg-dry 0.7 SWC ICP 12/07/94 

7439-98-7 Molybdenum 3 mg/kg-dry 2 SWC ICP 12/07/94 

7440-02-0 Nickel 59 mg/kg-dry 4 SWC ICP 12/07/94 

7782-49-2 Selenium 50 mg/kg-dry 2 SWN GFA 12/01/94 

7440-22-4 Silver 0.07 mg/kg-dry o
 
o
 

SWN GFA 12/09/94 

7440-62-2 Vanadium 74.1 mg/kg-dry 0.7 SWC ICP 12/07/94 

M. J 



ARI job number: 
ARI Sample number: 

Client: 
Contact: 
Matrix: 

% Solids: 

CAS Number Analyte Concentrat ion C LOD Prep M Analyzed 

7440-38-2 Arsenic 24 mg/kg-dry 2 SWN GFA 12/06/94 

7440-43-9 Cadmium 45.8 mg/kg-dry 0.7 SWC ICP 12/07/94 

7440-50-8 Copper 11.4 mg/kg-dry 0.7 SWC ICP 12/07/94 

7439-98-7 Molybdenum 4 mg/kg-dry 2 SWC ICP 12/07/94 

7440-02-0 Nickel 72 mg/kg-dry 3 SWC ICP 12/07/94 

7782-49-2 Selenium 46 mg/kg-dry 2 SWN GFA 12/01/94 

7440-22-4 Silver 0.08 mg/kg-dry U 0.08 SWN GFA 12/09/94 

7440-62-2 Vanadium 65.2 mg/kg-dry 0.7 SWC ICP 12/07/94 

J009 
Y 
Golder 
Kent Angelos 
Soil 

22 . 61 

ID number: M94SC041 
Project: 913-1101.604 

Description: 
Sampled: 11/15/94 
Received: 11/21/94 

Released by: 

A N A L Y T I C A L  R E  

ANALYTICAL 
RESOURCES 
INCORPORATED 

Analytical 
Chemists & 
Consultants 

333 Ninth Ave. North 
Seattle. WA 98109-5187 
(206)621-6490 
(206) 621-7523 [FAX) 



ARI job number: JO09 
ART Sample number: Z 

Client: Golder 
Contact: Kent Angelos 
Matrix: Soil 

% Solids: 27.13 

ID number: M94SC042 
Project: 913-1101.604 

Description: 
Sampled: 11/15/94 
Received: 11/21/94 

Released by: 

A N A L Y T I C A L  R  E  

ANALYTICAL 
RESOURCES 
INCORPORATED 

Analytical 
Chemists & 
Consultants 

333 Ninth Ave. North 
Seattle. WA 98109-5187 
(206) 621-6490 
(206) 621-7523 (FAX) 

CAS Number Analyte Concentration C LOD Prep M Analyzed 

7 4 4 0 - 3 8 - 2  Arsenic 4 3  mg/kg-dry 3  SWN GFA 1 2 / 0 2 / 9 4  

7 4 4 0 - 4 3 - 9  Cadmium 2 0 . 5  mg/kg-dry 0 . 6  SWC ICP 1 2 / 0 7 / 9 4  

7 4 4 0 - 5 0 - 8  Copper 7 . 7  mg/kg-dry 0 . 6  s w c  ICP 1 2 / 0 7 / 9 4  

7 4 3 9 - 9 8 - 7  Molybdenum 3 mg/kg-dry 1  SWC ICP 1 2 / 0 7 / 9 4  

7 4 4 0 - 0 2 - 0  Nickel 1 2 2  mg/kg-dry 3 swc ICP 1 2 / 0 7 / 9 4  

7 7 8 2 - 4 9 - 2  Selenium 2 1  mg/kg-dry 1  SWN GFA 1 2 / 0 1 / 9 4  

7 4 4 0 - 2 2 - 4  Silver 0 . 0 6  mg/kg-dry U 0 . 0 6  SWN GFA 1 2 / 0 9 / 9 4  

7 4 4 0 - 6 2 - 2  Vanadium 8 5 . 7  mg/kg-dry 0 . 6  SWC ICP 1 2 / 0 7 / 9 4  



ARI job number: J009 
ARI Sample number: AA 

Client: Golder 
Contact: Kent Angelos 
Matrix: Soil 

% Solids: 44.19 

ID number: M94SC044 
Project: 913-1101.604 

Description: 
Sampled: 11/15/94 
Received: 11/21/94 

Released by: 

A N A L Y T I C A L  

ANALYTICAL 
RESOURCES 
INCORPORATED 

Analytical 
Chemists & 
Consultants 

333 Ninth Ave North 
Seattle, WA 96109-5187 
(206)621-6490 
(206) 621-7523 (FAX) 

R E S  

CAS Number Analyte Concentration C LOD Prep M Analyzed 

7440-38-2 Arsenic 5.8 mg/kg-dry 0.4 SWN GFA 12/06/94 

7440-43-9 - Cadmium 26.2 mg/kg-dry 0.7 SWC ICP 12/07/94 

7440-50-8 Copper 9.0 mg/kg-dry 0.7 SWC I CP 12/07/94 

7439-98-7 Molybdenum 2 mg/kg-dry U 2 SWC ICP 12/07/94 

7440-02-0 Nickel 53 mg/kg-dry 3 SWC ICP 12/07/94 

7782-49-2 Selenium 20 mg/kg-dry 1 SWN GFA 12/01/94 

7440-22-4 Silver 0.04 mg/kg-dry U 0.04 SWN GFA 12/09/94 

7440-62-2 Vanadium 45.7 mg/kg-dry 0.7 SWC ICP 12/07/94 



ARI job number: 
ARI Sample number: 

Client: 
Contact: 
Matrix: 

J009 
AB 
Golaer 
Kent Angelos 
Soil 

Solids: 42.54 

XD number: 
Project: 

Description: 
Sampled: 
Received: 

Released by: 

A N A L Y T I C A L  

M94SC045 
913-1101.604 

11/15/94 
11/21/94 

ANALYTICAL 
RESOURCES 
INCORPORATED 

Analytical 
Chemists & 
Consultants 

333 Ninth Ave North 
Seattle, WA S5t 09-5167 
(206)621-64SC 
(206) 621-7523 (FAX) 

CAS Number Analyte Concentration C LOD Prep M Analyzed 

7440-38-2 Arsenic 5.9 mg/kg-dry 0.4 SWN GFA 12/06/94 

7440-43-9 Cadmium 24 mg/kg-dry 2 SWC ICP 12/08/94 

7440-50-8 Copper 11 mg/kg-dry 2 SWC ICP 12/08/94 

7439-98-7 Molybdenum 4 mg/kg-dry U 4 SWC ICP 12/08/94 

7440-02-0 Nickel 54 mg/kg-dry 8 SWC ICP 12/08/94 

7782-49-2 Selenium 22 mg/kg-dry 2 SWN GFA 12/05/94 

7440-22-4 Silver 0.04 mg/kg-dry 0.04 SWN GFA 12/09/94 

7440-62-2 Vanadium 51 mg/kg-dry 2 SWC ICP 12/08/94 

n/tr 



ARI job number: JO09 
ARI Sample number: AC 

Client: 
Contact: 
Matrix: 

Golder 
Kent Angelos 
Soil 

% Solids: 46.13 

ID number: M94SC046 
Project: 913-1101.604 

Description: 
Sampled: 
Received: 

11/15/94 
11/21/94 

Released by: 

A N A L Y T I C A L  R E S  77 T  S  

ANALYTICAL 
RESOURCES 
INCORPORATED 

Analytical 
Chemists & 
Consultants 

333 Ninth Ave. Nenh 
Seattle, WA 98109-5187 
(206) 621-6490 
(206) 621-7523 (FAX) 

CAS Number Analyte Concentration C LOD Prep M Analyzed 

7440-38-2 Arsenic 5.7 mg/kg-dry 0.4 SWN GFA 12/06/94 

7440-43-9 Cadmium 23.7 mg/kg-dry 0.7 SWC ICP 12/08/94 

7440-50-8 Copper 6.7 mg/kg-dry 0.7 SWC I CP 12/08/94 

7439-98-7 Molybdenum 2 mg/kg-dry U 2 SWC ICP 12/08/94 

7440-02-0 Nickel 55 mg/kg-dry 3 SWC ICP 12/08/94 

7782-49-2 Selenium 22 mg/kg-dry 2 SWN GFA 12/05/94 

7440-22-4 Silver 0.04 mg/kg-dry 

o
 
o
 SWN GFA 12/09/94 

7440-62-2 Vanadium 41.8 mg/kg-dry 0.7 SWC ICP 12/08/94 

-J 



ANALYTICAL 
RESOURCES 
INCORPORATED 

ARI job number: 
ARI Sample number: 

Client: 
Contact: 
Matrix: 

J009 
AD 
Golder 
Kent Angelos 
Soil 

% Solids: 43.57 

ID number: 
Project: 

Description: 
Sampled: 
Received: 

Released by: 

M94SC049 
913-1101. 

11/16/94 
11/21/94 

604 

A N A L Y T I C A L  R  E  

Analytical 
Chemists & 
Consultants 

333 Ninth Ave. North 
Seattle. WA 98109-5187 
(206) 621-6490 
(206) 621-7523 (FAX) 

CAS Number Analyte Concentration C LOD Prep M Analyzed 

7440-38-2 Arsenic 8.3 mg/kg-dry 0.9 SWN GFA 12/06/94 

7440-43-9 Cadmium 0.9 mg/kg-dry 0.3 SWC ICP 12/07/94 

7440-50-8 Copper 10.7 mg/kg-dry 0.3 SWC ICP 12/07/94 

7439-98-7 Molybdenum 0.7 mg/kg-dry U 0.7 SWC ICP 12/07/94 

7440-02-0 Nickel 63 mg/kg-dry 1 SWC ICP 12/07/94 

7782-49-2 Selenium 1.6 mg/kg-dry 0.9 SWN GFA 12/05/94 

7440-22-4 Silver 0.06 mg/kg-dry 0.03 SWN GFA 12/09/94 

7440-62-2 Vanadium 42.2 mg/kg-dry 0.3 SWC ICP 12/07/94 



ARI job number: 
ARI Sample number: 

Client: 
Contact: 
Matrix: 

J009 
AE 
Golder 
Kent Angelos 
Soil 

ID number: M94SC050 
Project: 913-1101.604 

% Solids: 54.27 

Description: 
Sampled: 
Received: 

Released by: 

11/16/94 
11/21/94 

A N A L Y T I C A L  R E  

ANALYTICAL 
RESOURCES 
INCORPORATED 

Analytical 
Chemists & 
Consultants 

333 Ninth Ave. North 
Seattle. WA 981CS-5187 
(206)621-6490 
(206) 621-7523 (FAX) 

CAS Number Analyte Concentration C LOD Prep M Analyzed 

7440-38-2 Arsenic 7.7 mg/kg-dry 0.8 SWN GFA 12/06/94 

7440-43-9 Cadmium 0.9 mg/kg-dry 0.3 SWC I CP 12/07/94 

7440-50-8 Copper 12.2 mg/kg-dry 0.3 SWC ICP 12/07/94 

7439-98-7 Molybdenum 0.9 mg/kg-dry U 0.9 SWC ICP 12/07/94 

7440-02-0 Nickel 95 mg/kg-dry 2 SWC ICP 12/07/94 

7782-49-2 Selenium 1.2 mg/kg-dry 0.8 SWN GFA 12/01/94 

7440-22-4 Silver 0.03 mg/kg-dry 0.03 SWN GFA 12/09/94 

7440-62-2 Vanadium 47.4 mg/kg-dry 0.3 SWC ICP 12/07/94 



ARI job number: 
ARI Sample number: 

Client: 
Contact: 
Matrix: 

J009 
AF 
Golder 
Kent Angelos 
Soil 

% Solids: 35.77 

ID number: 
Project: 

Description: 
Sampled: 
Received: 

Released by: 

M94SC051 
913-1101.604 

11/16/94 
11/21/94 

A N A L Y T I C A L  

ANALYTICAL 
RESOURCES 
INCORPORATED 

Analytical 
Chemists & 
Consultants 

333 Ninth Ave. North 
Seattle, WA 98109-5187 
(206) 621-6490 
(206) 621-7523 (FAX) 

CAS Number Analyte Concentration C LOD Prep M Analyzed 

7440-38-2 Arsenic 11 mg/kg-dry 1 SWN GFA 12/06/94 

7440-43-9 Cadmium 0.8 mg/kg-dry 0.4 SWC I CP 12/07/94 

7440-50-8 Copper 12.0 mg/kg-dry 0.4 SWC ICP 12/07/94 

7439-98-7 Molybdenum 1 mg/kg-dry 1 SWC ICP 12/07/94 

7440-02-0 Nickel 98 mg/kg-dry 2 SWC ICP 12/07/94 

7782-49-2 Selenium 0.5 mg/kg-dry U 0.5 SWN GFA 12/07/94 

7440-22-4 Silver 0.06 mg/kg-dry 0.05 SWN GFA 12/09/94 

7440-62-2 Vanadium 48.6 mg/kg-dry 0.4 SWC ICP 12/07/94 

l/l̂  



ANALYTICAL 
RESOURCES 
INCORPORATED 

ARI job number: J009 
ARI Sample number: AG 

Client: Golder 
Contact: Kent Angelos 
Matrix: Soil 

% Solids: 50.76 

ID number: M94SC052 
Project: 913-1101.604 

Description: 
Sampled: 11/16/94 
Received: 11/21/94 

Released by: 

A N A L Y T I C A L  R E 

Analytical 
Chemists & 
Consultants 

333 Ninth Ave. North 
Seattle, WA 98109-5187 
(206) 621-6490 
(206) 621-7523 (FAX) 

CAS Number Analyte Concentration C LOD Prep M Analyzed 

7440-38-2 Arsenic 8.5 mg/kg-dry 0.8 SWN GFA 12/06/94 

7440-43-9 Cadmium 0.7 mg/kg-dry U 0.7 SWC ICP 12/08/94 

7440-50-8 Copper 12.5 mg/kg-dry 0.7 SWC I CP 12/08/94 

7439-98-7 Molybdenum 2 mg/kg-dry U 2 SWC ICP 12/08/94 

7440-02-0 Nickel 85 mg/kg-dry 3 SWC ICP 12/08/94 

7782-49-2 Selenium 0.2 mg/kg-dry 0.2 SWN GFA 12/07/94 

7440-22-4 Silver 0.03 mg/kg-dry U 0.03 SWN GFA 12/09/94 

7440-62-2 Vanadium 56.0 mg/kg-dry 0.7 SWC ICP 12/08/94 



ARI job number: J009 
ARI Sample number: AH 

Client: Golder 
Contact: Kent Angelos 
Matrix: Soil 

% Solids: 32.16 

ID number: 
Project: 

Description: 
Sampled: 
Received: 

Released by: 

M94SC053 
913-1101.604 

11/16/94 
11/21/94 

A N A L Y T I C A L  

ANALYTICAL 
RESOURCES 
INCORPORATED 

Analytical 
Chemists & 
Consultants 

333 Ninth Ave. North 
Seattle, WA 93109-5187 
(206) 621-6490 
(206) 621-7523 (FAX) 

CAS Number Analyte Concentration C LOD Prep M Analyzed 

7440-38-2 Arsenic 8 mg/kg-dry 1 SWN GFA 12/06/94 

7440-43-9 Cadmium 1.0 mg/kg-dry 0.6 SWC ICP 12/07/94 

7440-50-8 Copper 12.1 mg/kg-dry 0.6 SWC ICP 12/07/94 

7439-98-7 Molybdenum 1 mg/kg-dry U 1 SWC ICP 12/07/94 

7440-02-0 Nickel 73 mg/kg-dry 3 SWC ICP 12/07/94 

7782-49-2 Selenium 2 mg/kg-dry 1 SWN GFA 12/15/94 

7440-22-4 Silver 0.05 mg/kg-dry 0.04 SWN GFA 12/09/94 

7440-62-2 Vanadium 45.3 mg/kg-dry 0.6 SWC ICP 12/07/94 



ARI job number: J009 
ARI Sample number: 

Client: 
Contact: 
Matrix: 

AI 
Golder 
Kent Angelos 
Soil 

ID number: M94SC054 
Project: 913-1101.604 

Description: 
Sampled: 11/16/94 
Received: 11/21/94 

ANALYTICAL 
RESOURCES 
INCORPORATED 

Analytical 
Chemists & 
Consultants 

333 Ninth Ave. North 
Seattle, WA 981C-9-5187 
(206) 621-6490 
(206) 621-7523 (FAX) 

CAS Number Analyte Concentration C LOD Prep M Analyzed 

7 4 4 0 - 3 8 - 2  Arsenic 7 . 5  mg/kg-dry 0 . 6  SWN GFA 1 2 / 0 6 / 9 4  

7 4 4 0 - 4 3 - 9  Cadmium 1 . 1  mg/kg-dry 0 . 5  SWC ICP 1 2 / 0 7 / 9 4  

7 4 4 0 - 5 0 - 8  Copper 1 1 . 6  mg/kg-dry 0 . 5  swc ICP 1 2 / 0 7 / 9 4  

7 4 3 9 - 9 8 - 7  Molybdenum 1  mg/kg-dry U 1  SWC ICP 1 2 / 0 7 / 9 4  

7 4 4 0 - 0 2 - 0  Nickel 6 7  mg/kg-dry 2  swc ICP 1 2 / 0 7 / 9 4  

7 7 8 2 - 4 9 - 2  Selenium 0.5  mg/kg-dry 0 . 3  SWN GFA 1 2 / 0 5 / 9 4  

7 4 4 0 - 2 2 - 4  Silver 0 . 0 6  mg/kg-dry U 0 . 0 6  SWN GFA 1 2 / 0 9 / 9 4  

7 4 4 0 - 6 2 - 2  Vanadium 44.4 mg/kg-dry 0 . 5  SWC ICP 1 2 / 0 7 / 9 4  



ANALYTICAL 
RESOURCES 
INCORPORATED 

ARI job number: 
ARI Sample number: 

Client: 
Contact: 
Matrix: 

J009 
AJ 
Golder 
Kent Angelos 
Soil 

% Solids: 19.62 

ID number: 
Project: 

Description: 
Sampled: 
Received: 

Released by: 

M94SC057 
913-1101.604 

11/16/94 
11/21/94 

A N A L Y T I C A L  

Analytical 
Chemists & 
Consultants 

333 Ninth Ave. North 
Seattle. WA 981C9-5137 
(206) 621-6490 
(206) 621-7523 (FAX) 

CAS Number Analyte Concentration C LOD Prep M Analyzed 

7440-38-2 Arsenic 5.7 mg/kg-dry 0.5 SWN GFA 12/06/94 

7440-43-9 Cadmium 3.4 mg/kg-dry 0.8 SWC ICP 12/07/94 

7440-50-8 Copper 10.5 mg/kg-dry 0.8 SWC ICP 12/07/94 

7439-98-7 Molybdenum 2 mg/kg-dry U 2 SWC ICP 12/07/94 

7440-02-0 Nickel 26 mg/kg-dry 4 SWC ICP 12/07/94 

7782-49-2 Selenium 2.5 mg/kg-dry 0.9 SWN GFA 12/05/94 

7440-22-4 Silver 0.09 mg/kg-dry U 0.09 SWN GFA 12/09/94 

7440-62-2 Vanadium 64.1 mg/kg-dry 0.8 SWC ICP 12/07/94 



ANALYTICAL 
RESOURCES 
INCORPORATED 

ARI job number: 
ARI Sample number: 

Client: 
Contact: 
Matrix: 

% Solids: 

CAS Number Analyte Concentration C LOD Prep M Analyzed 

7440-38-2 Arsenic 6.4 mg/kg-dry 0.8 SWN GFA 12/06/94 

7440-43-9 Cadmium 3.3 mg/kg-dry 0.7 SWC I CP 12/07/94 

7440-50-8 Copper 11.1 mg/kg-dry 0.7 SWC ICP 12/07/94 

7439-98-7 Molybdenum 2 mg/kg-dry U 2 SWC I CP 12/07/94 

7440-02-0 Nickel 26 mg/kg-dry 4 SWC ICP 12/07/94 

7782-49-2 Selenium 2.6 mg/kg-dry 0.8 SWN GFA 12/05/94 

7440-22-4 Silver 0.09 mg/kg-dry 0.08 SWN GFA 12/09/94 

7440-62-2 Vanadium 67.4 mg/kg-dry 0.7 SWC ICP 12/07/94 

J009 
AK 
Golder 
Kent Angelos 
Soil 

ID number: M94SC058 
Project: 913-1101.604 

Description: 
Sampled: 
Received: 

11/16/94 
11/21/94 

19.24 Released by: 

A N A L Y T I C A L  R E  

Analytical 
Chemists & 
Consultants 

333 Ninth Ave. Norm 
Seattle. WA 98105-5187 
(206) 621-6490 
(206) 621-7523 (FAX) 



ARI job number: 
ARI Sample number: 

J009 
AL 

Client: Golder 
Contact: Kent Angelos 
Matrix: Soil 

% Solids: 25.33 

ID number: M94SC059 
Project: 913-1101.604 

Description: 
Sampled: 
Received: 

11/16/94 
11/21/94 

Released by: 

A N A L Y T I C A L  

ANALYTICAL 
RESOURCES 
INCORPORATED 

Analytical 
Chemists & 
Consultants 

333 Ninth Ave North 
Seattle. WA 96109-5187 
(206)621-6490 
(206) 621-7523 (FAX) 

R E S  

CAS Number Analyte Concentration C LOD Prep M Analyzed 

7440-38-2 Arsenic 6.4 mg/kg-dry 0.3 SWN GFA 12/06/94 

7440-43-9 Cadmium 2.9 mg/kg-dry 0.6 SWC ICP 12/07/94 

7440-50-8 Copper 8.4 mg/kg-dry 0.6 SWC ICP 12/07/94 

7439-98-7 Molybdenum 1 mg/kg-dry U 1 SWC ICP 12/07/94 

7440-02-0 Nickel 24 mg/kg-dry 3 SWC ICP 12/07/94 

7782-49-2 Selenium 3 mg/kg-dry 2 SWN GFA 12/01/94 

7440-22-4 Silver 0.09 mg/kg-dry 0.06 SWN GFA 12/09/94 

7440-62-2 Vanadium 65.7 mg/kg-dry 0.6 SWC ICP 12/07/94 



ARI job number: 
ARI Sample number: 

Client: 
Contact: 
Matrix: 

J009 

AM 

Golder 
Kent Angelos 
Soil 

Solids: 25.71 

ID number: 
Project: 

Description: 
Sampled: 
Received: 

Released by: 

M94SC063 
913-1101. 

11/16/94 
11/21/94 

604 

A N A L Y T I C A L  

ANALYTICAL 
RESOURCES 
INCORPORATED 

Analytical 
Chemists & 
Consultants 

333 Ninth Ave. North 
Seattle, WA 98109-5187 
(206) 621-6490 
(206) 621-7523 (FAX) 

CAS Number Analyte Concentration C LOD Prep M Analyzed 

7440-38-2 Arsenic 6.4 mg/kg-dry 0.3 SWN GFA 12/06/94 

7440-43-9 Cadmium 1 mg/kg-dry U 1 SWC 1CP 12/08/94 

7440-50-8 Copper 8 mg/kg-dry 1 SWC ICP 12/08/94 

7439-98-7 Molybdenum 3 mg/kg-dry U 3 SWC ICP 12/08/94 

7440-02-0 Nickel 56 mg/kg-dry 6 SWC ICP 12/08/94 

7782-49-2 Selenium 3 mg/kg-dry 2 SWN GFA 12/01/94 

7440-22-4 Silver 0.09 mg/kg-dry 0.06 SWN GFA 12/09/94 

7440-62-2 Vanadium 52 mg/kg-dry 1 SWC ICP 12/08/94 



ANALYTICAL 
RESOURCES 
INCORPORATED 

ARI job number: 
ARI Sample number: 

Client: 
Contact: 
Matrix: 

J009 
AN 
Golder 
Kent Angelos 
Soil 

% solids: 10.00 

ID number: M94SC064 
Project: 913-1101.604 

Description: 
Sampled: 
Received: 

Released by: 

11/16/94 
11/21/94 

A N A L Y T I C A L  R E S U L T S  

Analytical 
Chemists & 
Consultants 

333 Ninth Ave. North 
Seattle. WA 96109-5187 
(206) 621-6-490 
(206)621-7523 (FAX) 

CAS Number Analyte Concentration C LOD Prep M Analyzed 

7440-38-2 Arsenic 3.1 mg/kg-dry 0.7 SWN GFA 12/06/94 

7440-43-9 Cadmium 2 mg/kg-dry 1 SWC ICP 12/07/94 

7440-50-8 Copper 8 mg/kg-dry 1 SWC ICP 12/07/94 

7439-98-7 Molybdenum 3 mg/kg-dry U 3 SWC ICP 12/07/94 

7440-02-0 Nickel 13 mg/kg-dry 6 SWC ICP 12/07/94 

7782-49-2 Selenium 3 mg/kg-dry 1 SWN GFA 12/07/94 

7440-22-4 Silver 0.1 mg/kg-dry U 0.1 SWN GFA 12/09/94 

7440-62-2 Vanadium 31 mg/kg-dry 1 SWC ICP 12/07/94 



ANALYTICAL 
RESOURCES 
INCORPORATED 

ARI job number: 
ARI Sample number: 

Client: 
Contact: 
Matrix: 

% Solids: 

CAS Number Analyte Concentration C LOD Prep M Analyzed 

7440-38-2 Arsenic 2.8 mg/kg-dry 0.6 SWN GFA 12/08/94 

7440-43-9 Cadmium 1 mg/kg-dry u  1 SWC I CP 12/12/94 

7440-50-8 Copper 9 mg/kg-dry 1 SWC ICP 12/12/94 

7439-98-7 Molybdenum 3 mg/kg-dry u  3 SWC ICP • 12/12/94 

7440-02-0 Nickel 15 mg/kg-dry 6 SWC ICP 12/12/94 

7782-49-2 Selenium 2.7 mg/kg-dry 0.6 SWN GFA 12/07/94 

7440-22-4 Silver 0.1 mg/kg-dry u  0.1 SWN GFA 12/12/94 

7440-62-2 Vanadium 36 mg/kg-dry 1 SWC ICP 12/12/94 

J009 
AO 
Golder 
Kent Angelos 
Soil 

14 .23 

ID number: M94SC065 
Project: 913-1101.604 

Description: 
Sampled: 11/16/94 
Received: 11/21/94 

Released by: 

A N A L Y T I C A L  

Analytical 
Chemists & 
Consultants 

333 Ninth Ave. Norv: 
Seattle, WA 9310S-5187 
(206) 621-6490 
(206)621-7523 (FAX) 

R E S ,  



ARI job number: 
ARI Sample number: 

Client.: 
Contact: 
Matrix: 

J009 
AP 
Golder 
Kent Angelos 
Soil 

ID number: M94SC066 
Project: 913-1101.604 

Description: 
Sampled: 11/16/94 
Received: 11/21/94 

% Solids: 18.98 Released by: 

A N A L Y T I C A L  R  E  

ANALYTICAL 
RESOURCES 
INCORPORATED 

Analytical 
Chemists & 
Consultants 

333 Ninth Ave. North 
Seattle. WA 96109-5187 
(206) 621-6490 
(206)621-7523 (FAX) 

CAS Number Analyte Concentration C LOD Prep M Analyzed 

7440-38-2 Arsenic 4.0 mg/kg-dry 0.5 SWN GFA 12/08/94 

7440-43-9 Cadmium 1 mg/kg-dry u  1 SWC I CP 12/12/94 

7440-50-8 Copper 8 mg/kg-dry 1 SWC ICP 12/12/94 

7439-98-7 Molybdenum 2 mg/kg-dry u  2 SWC I CP 12/12/94 

7440-02-0 Nickel 29 mg/kg-dry 5 SWC ICP 12/12/94 

7782-49-2 Selenium 2.2 mg/kg-dry 0.5 SWN GFA 12/07/94 

7440-22-4 Silver 0.09 mg/kg-dry u  0. 09 SWN GFA 12/12/94 

7440-62-2 Vanadium 42 mg/kg-dry 1 SWC ICP 12/12/94 



ARI job number: 
ARI Sample number: 

Client: 
Contact: 
Matrix: 

J009 
AQ 
Golder 
Kent Angelos 
Soil 

% Solids: 21.32 

ID number: M94SC067 
Project: 913-1101.604 

Description: 
Sampled: 11/16/94 
Received: 11/21/94 

Released by: 

A N A L Y T I C A L  R E  

ANALYTICAL 
RESOURCES 
INCORPORATED 

Analytical 
Chemists & 
Consultants 

333 Ninth Ave. North 
Seattle. WA 98109-5187 
(206) 621-6490 
(206)621-7523 (FAX) 

L  T  S  

CAS Number Analyte Concentration C LOD Prep M Analyzed 

7440-38-2 Arsenic 3.9 mg/kg-dry 0.7 SWN GFA 12/06/94 

7440-43-9 Cadmium 1.3 mg/kg-dry 0.9 SWC ICP 12/12/94 

7440-50-8 Copper 6.5 mg/kg-dry 0.9 SWC ICP 12/12/94 

7439-98-7 Molybdenum 2 mg/kg-dry U 2 SWC ICP 12/12/94 

7440-02-0 Nickel 31 mg/kg-dry 5 SWC ICP 12/12/94 

7782-49-2 Selenium 2.4 mg/kg-dry 0.4 SWN GFA 12/07/94 

7440-22-4 Silver 0.07 mg/kg-dry U 0.07 SWN GFA 12/12/94 

7440-62-2 Vanadium 44.4 mg/kg-dry 0.9 SWC ICP 12/12/94 

p>/P 
hs> P 



ARI job number: 
ARI Sample number: 

Client: 
Contact: 
Matrix: 

J009 
AR 
Golder 
Kent Angelos 
Soil 

% Solids: 42.09 

M94AR001 
913-1101.604 

ID number: 
Project: 

Description: 
Sampled: 11/06/94 
Received: 11/21/94 

Released by: 

A N A L Y T I C A L  

ANALYTICAL 
RESOURCES 
INCORPORATED 

Analytical 
Chemists & 
Consultants 

333 Ninth Ave. North 
Seattle, WA 96109-5187 
(206)621-6490 
(206)621-7523 (FAX) 

CAS Number Analyte Concentration C LOD Prep M Analyzed 

7440-38-2 Arsenic 2.9 mg/kg-dry 0.4 SWN GFA 12/06/94 

7440-43-9 Cadmium 0.4 mg/kg-dry 0.4 SWC I CP 12/12/94 

7440-50-8 Copper 9.3 mg/kg-dry 0.4 SWC ICP 12/12/94 

7439-98-7 Molybdenum 1 mg/kg-dry U 1 SWC ICP 12/12/94 

7440-02-0 Nickel 11 mg/kg-dry 2 SWC ICP 12/12/94 

7782-49-2 Selenium 1.2 mg/kg-dry 0.9 SWN GFA 12/01/94 

7440-22-4 Silver 0.06 mg/kg-dry 0.04 SWN GFA 12/12/94 

7440-62-2 Vanadium 26.3 mg/kg-dry 0.4 SWC ICP 12/12/94 



ANALYTICAL 
RESOURCES 
INCORPORATED 

AKI job number: 
ARI Sample number: 

Client: 
Contact: 
Matrix: 

% Solids: 

CAS Number Analyte Concentration C LOD Prep M Analyzed 

7440-38-2 Arsenic 2.9 mg/kg-dry 0.4 SWN GFA 12/06/94 

7440-43-9 Cadmium 0.5 mg/kg-dry 0.4 SWC ICP 12/12/94 

7440-50-8 Copper 7.8 mg/kg-dry 0.4 SWC ICP 12/12/94 

7439-98-7 Molybdenum 0.9 mg/kg-dry U 0.9 SWC ICP 12/12/94 

7440-02-0 Nickel 10 mg/kg-dry 2 SWC ICP 12/12/94 

7782-49-2 Selenium 0.7 mg/kg-dry 0.4 SWN GFA 12/05/94 

7440-22-4 Silver 0.05 mg/kg-dry 0.04 SWN GFA 12/12/94 

7440-62-2 Vanadium 21.8 mg/kg-dry 0.4 SWC ICP 12/12/94 

J009 
AS 
Golder 
Kent Angelos 
Soil 

ID number: M94AR002 
Project: 913-1101.604 

Description: 
Sampled: 11/07/94 
Received: 11/21/94 

49.39 Released by: 

A N A L Y T I C A L  R E  

Analytical 
Chemists & 
Consultants 

333 Ninth Ave North 
Seattle. WA 98109-5187 
(206) 621-6490 
(206) 621-7523 (FAX) 



ANALYTICAL 
RESOURCES 
INCORPORATED 

ARI job number: JO09 
ARI Sample number: AT 

Client: Golder 
Contact: Kent Angelos 
Matrix: Soil 

% Solids: 52.98 

ID number: M94AR003 
Project: 913-1101.604 

Description: 
Sampled: 11/07/94 
Received: 11/21/94 

Released by: 

A N A L Y T I C A L  

Analytical 
Chemists & 
Consultants 

333 Ninth Ave. North 
Seattle, WA 95109-5187 
(206) 621-6490 
(206) 621-7523 (FAX) 

CAS Number Analyte Concentration C LOD Prep M Analyzed 

7440-38-2 Arsenic 2.3 mg/kg-dry 0.3 SWN GFA 12/06/94 

7440-43-9 Cadmium 0.5 mg/kg-dry 0.3 SWC ICP 12/12/94 

7440-50-8 Copper 7.1 mg/kg-dry 0.3 SWC ICP 12/12/94 

7439-98-7 Molybdenum 0.9 mg/kg-dry U 0.9 SWC ICP 12/12/94 

7440-02-0 Nickel 8 mg/kg-dry 2 SWC ICP 12/12/94 

7782-49-2 Selenium 0.6 mg/kg-dry 0.3 SWN GFA 12/05/94 

7440-22-4 Silver 0.04 mg/kg-dry 0.03 SWN GFA 12/09/94 

7440-62-2 Vanadium 20.4 mg/kg-dry 0.3 SWC ICP 12/12/94 



ARI job number: 
AKI Sample number: 

Client: 
Contact: 
Matrix: 

J009 
AU 
Golder 
Kent Angelos 
Soil 

ID number: M94AR004 
Project: 913-1101.604 

Description: 
Sampled: 11/07/94 
Received: 11/21/94 

ANALYTICAL 
RESOURCES 
INCORPORATED 

Analytical 
Chemists & 
Consultants 

333 Ninth Ave. North 
Seattle, WA 96109-5187 
(206)621-6430 
(206) 621-7523 (FAX) 

CAS Number Analyte Concentration C LOD Prep M Analyzed 

7440-38-2 Arsenic 2.3 mg/kg-dry 0.3 SWN GFA 12/06/94 

7440-43-9 Cadmium 0.4 mg/kg-dry 0.3 SWC 1CP 12/12/94 

7440-50-8 Copper 6.3 mg/kg-dry 0.3 SWC ICP 12/12/94 

7439-98-7 Molybdenum 0.8 mg/kg-dry U 0.8 SWC ICP 12/12/94 

7440-02-0 Nickel 7 mg/kg-dry 2 SWC ICP 12/12/94 

7782-49-2 Selenium 0.5 mg/kg-dry 0.3 SWN GFA 12/05/94 

7440-22-4 Silver 0.05 mg/kg-dry 0.03 SWN GFA 12/09/94 

7440-62-2 Vanadium 20.0 mg/kg-dry 0.3 SWC ICP 12/12/94 

///•*' 
h 



ANALYTICAL 
RESOURCES 
INCORPORATED 

ARI job number: 
ARI Sample number: 

Client: 
Contact: 
Matrix: 

J009 
AV 
Golder 
Kent Angelos 
Soil 

% Solids: 67.44 

ID number: M94AR005 
Project: 913-1101.604 

Description: 
Sampled: 
Received: 

Released by: 

11/07/94 
11/21/94 

Analytical 
Chemists & 
Consultants 

333 Ninth Ave. North 
Seattle, WA 95109-518 
(206)621-6J90 
(206) 621-7523 (FAX) 

A N A L Y T I C A L  L  T  S  

CAS Number Analyte Concentration C LOD Prep M Analyzed 

7440-38-2 Arsenic 2.4 mg/kg-dry 0.3 SWN GFA 12/06/94 

7440-43-9 Cadmium 0.4 mg/kg-dry 0.2 SWC ICP 12/12/94 

7440-50-8 Copper 6.4 mg/kg-dry 0.2 swc I CP 12/12/94 

7439-98-7 Molybdenum 0.6 mg/kg-dry U 0.6 SWC ICP 12/12/94 

7440-02-0 Nickel 8 mg/kg-dry 1 SWC ICP 12/12/94 

7782-49-2 Selenium 0.4 mg/kg-dry 0.3 SWN GFA 12/05/94 

7440-22-4 Silver 0.05 mg/kg-dry 0.03 SWN GFA 12/09/94 

7440-62-2 Vanadium 18.6 mg/kg-dry 0.2 SWC ICP 12/12/94 

///>/* 



ARI job number: 
ARI Sample number: 

Client: 
Contact: 
Matrix: 

J009 
AW 
Golder 
Kent Angelos 
Soil 

% Solids: 46.33 

ID number: M94AR006 
Project: 913-1101.604 

Description: 
Sampled: 11/07/94 
Received: 11/21/94 

Released by. 

A N A L Y T I C A L  

ANALYTICAL 
RESOURCES 
INCORPORATED 

Analytical 
Chemists & 
Consultants 

333 Ninth Ave. North 
Seattle. WA 98109-5187 
(206)621-6490 
(206) 621-7523 (FAX) 

R E S  

CAS Number Analyte Concentration C LOD Prep M Analyzed 

7440-38-2 Arsenic 2.7 mg/kg-dry 0.3 SWN GFA 12/06/94 

7440-43-9 Cadmium 0.5 mg/kg-dry 0.4 SWC ICP 12/12/94 

7440-50-8 Copper 7.7 mg/kg-dry 0.4 SWC ICP 12/12/94 

7439-98-7 Molybdenum 1 mg/kg-dry U 1 SWC ICP 12/12/94 

7440-02-0 Nickel 9 mg/kg-dry 2 SWC ICP 12/12/94 

7782-49-2 Selenium 0.6 mg/kg-dry 0.3 SWN GFA 12/05/94 

7440-22-4 Silver 0.06 mg/kg-dry 0.03 SWN GFA 12/09/94 

7440-62-2 Vanadium 22.6 mg/kg-dry 0.4 SWC ICP 12/12/94 



ANALYTICAL 
RESOURCES 
INCORPORATED 

ARI job number: J009 
ARI Sample nrnnher: AX 

Client: Golaer 
Contact: Kent Angelos 
Matrix: Soil 

% Solids: 57.81 

ID number: M94AR007 
Project: 913-1101.604 

Description: 
Sampled: 11/08/94 
Received: 11/21/94 

Released by: 

A N A L Y T I C A L  R E S  

Analytical 
Chemists & 
Consultants 

333 Ninth Ave. North 
Seattle. WA 98". 09-5187 
(206) 621-6490 
(206) 621-7523 (FAX) 

CAS Number Analyte Concentration C LOD Prep M Analyzed 

7440-38-2 Arsenic 2.4 mg/kg-dry 0.3 SWN GFA 12/06/94 

7440-43-9 Cadmium 0.3 mg/kg-dry U 0.3 SWC I CP 12/12/94 

7440-50-8 Copper 4.8 mg/kg-dry 0.3 SWC I CP 12/12/94 

7439-98-7 Molybdenum 0.8 mg/kg-dry U 0.8 SWC I CP 12/12/94 

7440-02-0 Nickel 6 mg/kg-dry 2 SWC ICP 12/12/94 

7782-49-2 Selenium 0.7 mg/kg-cry 0.3 SWN GFA 12/07/94 

7440-22-4 Silver 0.03 mg/kg-dry 0.03 SWN GFA 12/09/94 

7440-62-2 Vanadium 14.6 mg/kg-dry 0.3 SWC ICP 12/12/94 



ARI job number: 
ARI Sample number: 

Client: 
Contact: 
Matrix: 

J009 
AY 
Golder 
Kent Angelos 
Soil 

% Solids: 62.26 

XD number: 
Project: 

Description: 
Sampled: 
Received: 

M94AR009 
913-1101.604 

11/08/94 

11/21/94 

Released by: 

A N A L Y T I C A L  R E S  

ANALYTICAL 
RESOURCES 
INCORPORATED 

Analytical 
Chemists & 
Consultants 

333 Ninth Ave. North 
Seattle. WA 9S1C9-5187 
(206) 621-649C 
(206) 621-7523 (FAX) 

CAS Number Analyte Concentration C LOD Prep M Analyzed 

7440-38-2 Arsenic 1.9 mg/kg-dry 0.3 SWN GFA 12/06/94 

7440-43-9 Cadmium 0.3 mg/kg-dry U 0.3 SWC ICP 12/12/94 

7440-50-8 Copper 5.6 mg/kg-dry 0.3 SWC ICP 12/12/94 

7439-98-7 Molybdenum 0.8 mg/kg-dry U 0.8 SWC ICP 12/12/94 

7440-02-0 Nickel 7 mg/kg-dry 2 SWC ICP 12/12/94 

7782-49-2 Selenium 0.5 mg/kg-dry 0.3 SWN GFA 12/05/94 

7440-22-4 Silver 0.05 mg/kg-dry 0.03 SWN GFA 12/09/94 

7440-62-2 Vanadium 17.9 mg/kg-dry 0.3 SWC ICP 12/12/94 



ARI job number: 
ARI Sample number: 

Client: 
Contact: 
Matrix: 

J009 
AZ 
Golder 
Kent Angelos 
Soil 

% Solids: 56.86 

ID number: M94AR011 
Project: 913-1101.604 

A N A L Y T 

Description: 
Sampled: 
Received: 

Released by: 

I C A L R 

11/08/94 
11/21/94 

ANALYTICAL 
RESOURCES 
INCORPORATED 

Analytical 
Chemists & 
Consultants 

333 Ninth Ave. Norm 
Seattle. WA 9810S-518 
(206) 621-6490 
(206) 621-7523 (FAX) 

CAS Number Analyte Concentration C LOD Prep M Analyzed 

7440-38-2 Arsenic 2.5 mg/kg-dry 0.3 SWN GFA 12/06/94 

7440-43-9 Cadmium 0.5 mg/kg-dry 0.3 SWC ICP 12/12/94 

7440-50-8 Copper 7.2 mg/kg-dry 0.3 SWC ICP 12/12/94 

7439-98-7 Molybdenum 0.8 mg/kg-dry U 0.8 SWC ICP 12/12/94 

7440-02-0 Nickel 8 mg/kg-dry 2 SWC ICP 12/12/94 

7782-49-2 Selenium 0.3 mg/kg-dry U 0.3 SWN GFA 12/05/94 

7440-22-4 Silver 0.05 mg/kg-dry 0.03 SWN GFA 12/09/94 

7440-62-2 Vanadium 19.3 mg/kg-dry 0.3 SWC ICP 12/12/94 



ARI job number: 
ARI Sample number: 

Client: 
Contact: 
Matrix: 

J009 
BA 
Golder 
Kent Angelos 
Soil 

Solids: 66.61 

ID number: M94AR012 
Project: 913-1101. 

Description: 
Sampled: 11/08/94 
Received: 11/21/94 

Released by: 

604 

A N A L Y T I C A L  

ANALYTICAL 
RESOURCES 
INCORPORATED 

Analytical 
Chemists & 
Consultants 

333 Ninth Ave. North 
Seattle. WA 96109-5187 
(206) 621-6490 
(206) 621-7523 (FAX) 

CAS Number Analyte Concentration C LOD Prep M Analyzed 

7440-38-2 Arsenic 2.4 mg/kg-dry 0.3 SWN GFA 12/06/94 

7440-43-9 Cadmium 2.1 mg/kg-dry 0.3 SWC I CP 12/12/94 

7440-50-8 Copper 9.7 mg/kg-dry 0.3 SWC I CP 12/12/94 

7439-98-7 Molybdenum 0.7 mg/kg-dry U 0.7 SWC I CP 12/12/94 

7440-02-0 Nickel 12 mg/kg-dry 1 SWC ICP 12/12/94 

7782-49-2 Selenium 1.4 mg/kg-dry 0.7 SWN GFA 12/07/94 

7440-22-4 Silver 0.14 mg/kg-dry 0.03 SWN GFA 12/09/94 

7440-62-2 Vanadium 32.0 mg/kg-dry 0.3 SWC ICP 12/12/94 



ANALYTICAL 
RESOURCES 
INCORPORATED 

ARI job number: J009 
"ARI Sample number: BB 

Client: Golder 
Contact: Kent Angelos 
Matrix: Soil 

% Solids: 66.21 

ID number: 
Project: 

Description: 
Sampled: 
Received: 

Released by: 

M94AR013 
913-1101. 

11/08/94 
11/21/94 

604 

A N A L Y T I C A L  R E  S ^ U  L  T  S  

Analytical 
Chemists & 
Consultants 

233 Ninth Ave. North 
Seattle, WA 9St09-51 £ 
(206) 621-6490 
(206) 621-7523 (FAX) 

CAS Number Analyte Concentration C LOD Prep M Analyzed 

7440-38-2 Arsenic 3.4 mg/kg-dry 0.3 SWN GFA 12/06/94 

7440-43-9 Cadmium 1.9 mg/kg-dry 0.6 SWC I CP 12/12/94 

7440-50-8 Copper 10.5 mg/kg-dry 0.6 SWC I CP 12/12/94 

7439-98-7 Molybdenum 1 mg/kg-dry U 1 SWC ICP 12/12/94 

7440-02-0 Nickel 14 mg/kg-dry 3 SWC I CP 12/12/94 

7782-49-2 Selenium 1.3 mg/kg-dry 0.7 SWN GFA 12/07/94 

7440-22-4 Silver 0.14 mg/kg-dry 0.03 SWN GFA 12/09/94 

7440-62-2 Vanadium 41.4 mg/kg-dry 0.6 SWC ICP 12/12/94 



ARI job number: 
ARI Sample number: 

J009 
BC 

Client: Golaer 
Contact: Kent Angelos 
Matrix: Soil 

Solids: 50.20 

ID number: M94AR014 
Project: 913-1101.604 

Description: 
Sampled: 
Received: 

Released by: 

A N A L Y T I C A L  

ANALYTICAL 
RESOURCES 
INCORPORATED 

Analytical 
Chemists & 
Consultants 

333 Ninth Ave. North 
Seattle. WA 98109-5187 
(206) 621-6490 
(206) 621-7523 (FAX) 

CAS Number Analyte Concentration C LOD Prep M Analyzed 

7440-38-2 Arsenic 2.4 mg/kg-dry 0.3 SWN GFA 12/06/94 

7440-43-9 Cadmium 0.6 mg/kg-dry U 0.6 SWC ICP 12/12/94 

7440-50-8 Copper 6.7 mg/kg-dry 0.6 SWC ICP 12/12/94 

7439-98-7 Molybdenum 2 mg/kg-dry U 2 SWC ICP 12/12/94 

7440-02-0 Nickel 8 mg/kg-dry 3 SWC ICP 12/12/94 

7782-49-2 Selenium 1.3 mg/kg-dry 0.8 SWN GFA 12/07/94 

7440-22-4 Silver 0.03 mg/kg-dry 0.03 SWN GFA 12/09/94 

7440-62-2 Vanadium 18.5 mg/kg-dry 0.6 SWC ICP 12/12/94 



ARI job number: 
ARI Sample number: 

Client: 
Contact: 
Matrix: 

J009 
BD 
Golder 
Kent Angelos 
Soil 

% Solids: 57.82 

ID number: M94AR015 
Project: 913-1101.604 

Description: 
Sampled: 
Received: 

Released by: 

11/08/94 
11/21/94 

A N A L Y T I C A L  R  E  iSr U  L  T  S  

ANALYTICAL 
RESOURCES 
INCORPORATED 

Analytical 
Chemists & 
Consultants 

333 Ninth Ave. North 
Seattle. WA 98109-5187 
(206)621-6490 
(206) 621-7523 (FAX) 

CAS Number Analyte Concentration C LOD Prep M Analyzed 

7440-38-2 Arsenic 1.9 mg/kg-dry 0.3 SWN GFA 12/06/94 

7440-43-9 Cadmium 0.3 mg/kg-dry 0.3 SWC I CP 12/12/94 

7440-50-8 Copper 5.1 mg/kg-dry 0.3 SWC ICP 12/12/94 

7439-98-7 Molybdenum 0.8 mg/kg-dry U 0.8 SWC ICP 12/12/94 

7440-02-0 Nickel 6 mg/kg-dry 2 SWC ICP 12/12/94 

7782-49-2 Selenium 1.2 mg/kg-dry 0.7 SWN GFA 12/07/94 

7440-22-4 Silver 0.04 mg/kg-dry 0.03 SWN GFA 12/09/94 

7440-62-2 Vanadium 14.2 mg/kg-dry 0.3 SWC ICP 12/12/94 



ANALYTICAL 
RESOURCES 
INCORPORATED 

ARI job number: JO09 
ARI Sample number: BE 

Client: Golder 
Contact: Kent Angelos 
Matrix: Soil 

% Solids: 68.58 

ID number: M94AR016 
Project: 913-1101.604 

Description: 
Sampled: 11/08/94 
Received: 11/21/94 

Released by: 

A N A L Y T I C A L  R E 

Analytical 
Chemists & 
Consultants 

333 Ninth Ave. North 
Seattle, WA 98109-5187 
(206) 621-6490 
(206) 621-7523 (FAX) 

U  L  T  S  

CAS Number Analyte Concentration C LOD Prep M Analyzed 

7440-38-2 Arsenic 1.7 mg/kg-dry 0.2 SWN GFA 12/06/94 

7440-43-9 Cadmium 0.2 mg/kg-dry U  0.2 SWC ICP 12/12/94 

7440-50-8 Copper 2.2 mg/kg-dry 0.2 SWC 1CP 12/12/94 

7439-98-7 Molybdenum 0.6 mg/kg-dry u  0.6 SWC ICP 12/12/94 

7440-02-0 Nickel 3 mg/kg-dry 1 SWC ICP 12/12/94 

7782-49-2 Selenium 0.4 mg/kg-dry 0.2 SWN GFA 12/07/94 

7440-22-4 Silver 0.02 mg/kg-dry u  0.02 SWN GFA 12/09/94 

7440-62-2 Vanadium 7.5 mg/kg-dry 0.2 SWC ICP 12/12/94 



ANALYTICAL 
RESOURCES 
INCORPORATED 

ARI job number: 
ARI Sample number: 

Client: 
Contact: 
Matrix: 

J009 
BF 
Golder 
Kent Angelos 
Soil 

% 'Solids: 47.00 

ID number: M94AR017 
Project: 913-1101.604 

Description: 
Sampled: 11/09/94 
Received: 11/21/94 

Released by: 

A N A L Y T I C A L  R E  S H J  L  T  S  

Analytical 
Chemists & 
Consultants 

333 Ninth Ave. North 
Seattle, WA 98109-5187 
(206) 621-6490 
(206) 621-7523 (FAX) 

CAS Number Analyte Concentration C LOD Prep M Analyzed 

7440-38-2 Arsenic 5.1 mg/kg-dry 0.3 SWN GFA 12/06/94 

7440-43-9 Cadmium 8 mg/kg-dry 2 SWC ICP 12/12/94 

7440-50-8 Copper 5 mg/kg-dry 2 SWC ICP 12/12/94 

7439-98-7 Molybdenum 4 mg/kg-dry u 4 SWC ICP 12/12/94 

7440-02-0 Nickel 14 mg/kg-dry 9 SWC ICP 12/12/94 

7782-49-2 Selenium 2.1 mg/kg-dry 0.9 SWN GFA 12/07/94 

7440-22-4 Silver 0.06 mg/kg-dry 0.04 SWN GFA 12/09/94 

7440-62-2 Vanadium 20 mg/kg-dry 2 SWC ICP 12/12/94 

u< 
/I?-)'* 



ARI job number: 
ARI Sample number: 

Client: 
Contact: 
Matrix: 

J009 
BG 
Golder 
Kent Angelos 
Soil 

% Solids: 59.29 

ID number: M94AR019 
Project: 913-1101.604 

Description: 
Sampled: 11/09/94 
Received: ll/23j 

Released by: 

A N A L Y T I C A L  R E  

ANALYTICAL 
RESOURCES 
INCORPORATED 

Analytical 
Chemists & 
Consultants 

333 Ninth Ave. Nonh 
Seattle, WA 98105-5187 
(206) 621-6490 
(206)621-7523 (FAX) 

L  T  S  

CAS Number Analyte Concentration C LOD Prep M Analyzed 

7440-38-2 Arsenic 4.9 mg/kg-dry 0.3 SWN GFA 12/06/94 

7440-43-9 Cadmium 4.9 mg/kg-dry 0.5 SWC ICP 12/12/94 

7440-50-8 Copper 8.6 mg/kg-dry 0.5 SWC ICP 12/12/94 

7439-98-7 Molybdenum 1 mg/kg-dry U 1 SWC ICP 12/12/94 

7440-02-0 Nickel 16 mg/kg-dry 3 SWC ICP 12/12/94 

7782-49-2 Selenium 1.8 mg/kg-dry 0.8 SWN GFA 12/07/94 

7440-22-4 Silver 0.13 mg/kg-dry 0.03 SWN GFA 12/12/94 

7440-62-2 Vanadium 26.4 mg/kg-dry 0.5 SWC ICP 12/12/94 



ANALYTICAL 
RESOURCES 
INCORPORATED 

ARI job number: 
ARI Sample number: 

Client: 

J009 
BH 
Golder 

Contact: Kent Angelos 
Matrix: Soil 

% Solids: 56.89 

ID number: M94AR020 
Project: 913-1101.604 

Description: 
Sampled: 11/09/94 
Received: 11/21/94 

Released by: 

A N A L Y T I C A L  

Analytical 
Chemists & 
Consultants 

333 Ninth Ave. North 
Seattle, WA 98109-5187 
(206) 621-6490 
(206) 621-7523 (FAX) 

CAS Number Analyte Concentration C LOD Prep M Analyzed 

7440-38-2 Arsenic 4.1 mg/kg-dry 0.7 SWN GFA 12/08/94 

7440-43-9 Cadmium 5.1 mg/kg-dry 0.3 SWC I CP 12/12/94 

7440-50-8 Copper 6.8 mg/kg-dry 0.3 SWC ICP 12/12/94 

7439-98-7 Molybdenum 0.7 mg/kg-dry U 0.7 SWC ICP 12/12/94 

7440-02-0 Nickel 13 mg/kg-dry 1 SWC ICP 12/12/94 

7782-49-2 Selenium 1.6 mg/kg-dry 0 . 7 SWN GFA 12/07/94 

7440-22-4 Silver 0.08 mg/kg-dry 0.03 SWN GFA 12/12/94 

7440-62-2 Vanadium 20.7 mg/kg-dry 0.3 SWC ICP 12/12/94 



ARI job number: 
ARI Sample number: 

Client: 
Contact: 
Matrix: 

J009 
BX 
Golder 
Kent Angelos 
Soil 

ID number: M94AR021 
Project: 913-1101.604 

Description: 
Sampled: 11/09/94 
Received: ll/2i/94 

% Solids: 56.06 Released by: 

A N A L Y T I C A L  R  

ANALYTICAL 
RESOURCES 
INCORPORATED 

Analytical 
Chemists & 
Consultants 

333 Ninth Ave. North 
Seattle, WA 9S1C9-5187 
(206) 621-6490 
(206)621-7523 (FAX) 

CAS Number Analyte Concentration C LOD Prep M Analyzed 

7440-38-2 Arsenic 3.6 mg/kg-dry 0.6 SWN GFA 12/08/94 

7440-43-9 Cadmium 5.0 mg/kg-dry 0.3 SWC I CP 12/12/94 

7440-50-8 Copper 5.9 mg/kg-dry 0.3 SWC XCP 12/12/94 

7439-98-7 Molybdenum 0.8 mg/kg-dry u 0.8 SWC I CP 12/12/94 

7440-02-0 Nickel 13 mg/kg-dry 2 SWC 1CP 12/12/94 

7782-49-2 Selenium 1.4 mg/kg-dry 0.6 SWN GFA 12/07/94 

7440-22-4 Silver 0.10 mg/kg-dry 0.03 SWN GFA 12/09/94 

7440-62-2 Vanadium 20.3 mg/kg-dry 0.3 SWC ICP 12/12/94 



ARI job number: 
ARI Sample number: 

Client: 
Contact: 
Matrix: 

J009 
BJ 
Golder 
Kent Angelos 
Soil 

% Solids: 63.59 

ID number: 
Project: 

Description: 
Sampled: 
Received: 

Released by: 

M94AR022 
913-1101, 

11/09/94 
11/21/94 

604 

A N A L Y T I C A L  L  T  S  

ANALYTICAL 
RESOURCES 
INCORPORATED 

Analytical 
Chemists & 
Consultants 

333 Ninth Ave. North 
Seattle, WA9B109-5187 
(206) 621-6490 
(206) 621-7523 (FAX) 

CAS Number Analyte Concentrat ion C LOD Prep M Analyzed 

7440-38-2 Arsenic 5.0 mg/kg-dry 0.3 SWN GFA 12/06/94 

7440-43-9 Cadmium 6 mg/kg-dry 1 SWC ICP 12/12/94 

7440-50-8 Copper 4 mg/kg-dry 1 SWC ICP 12/12/94 

7439-98-7 Molybdenum 3 mg/kg-dry U 3 SWC ICP 12/12/94 

7440-02-0 Nickel 12 mg/kg-dry 7 SWC ICP 12/12/94 

7782-49-2 Selenium 1.4 mg/kg-dry 0.7 SWN GFA 12/07/94 

7440-22-4 Silver 0.04 mg/kg-dry 0.03 SWN GFA 12/09/94 

7440-62-2 Vanadium 15 mg/kg-dry 1 SWC ICP 12/12/94 



ARI job number: 
ARI Sample number: 

Client: 
Contact: 
Matrix: 

J009 
BK 
Golder 
Kent Angelos 
Soil 

% Solids: 50.56 

ID number: 
Project: 

Description: 
Sampled: 
Received: 

M94AR023 
913-1101.604 

11/09/94 
11/21/94 

Released by: 

A N A L Y T I C A L  R  E  

ANALYTICAL 
RESOURCES 
INCORPORATED 

Analytical 
Chemists & 
Consultants 

333 Ninth Ave. North 
Seattle. WA 98109-5187 
(206) 621-6490 
(206) 621-7523 (FAX) 

CAS Number Analyte Concentrat ion C LOD Prep M Analyzed 

7440-38-2 Arsenic 5.9 mg/kg-dry 0.8 SWN GFA 12/08/94 

7440-43-9 Cadmium 6.2 mg/kg-dry 0.4 SWC ICP 12/12/94 

7440-50-8 Copper 6.3 mg/kg-dry 0.4 SWC I CP 12/12/94 

7439-98-7 Molybdenum 1 mg/kg-dry U 1 SWC ICP 12/12/94 

7440-02-0 Nickel 15 mg/kg-dry 2 SWC ICP 12/12/94 

7782-49-2 Selenium 2.3 mg/kg-dry 0.8 SWN GFA 12/07/94 

7440-22-4 Silver 0.09 mg/kg-dry 0.03 SWN GFA 12/12/94 

7440-62-2 Vanadium 23.2 mg/kg-dry 0.4 SWC ICP 12/12/94 



ART job number: 
ARI Sample number: 

Client: 
Contact: 
Matrix: 

J009 
BL 
Golder 
Kent Angelos 
Soil 

% Solids: 49.26 

ID number: M94AR024 
Project: 913-1101.604 

Description: 
Sampled: 
Received: 

Released by: 

A N A L Y T I C A L  

ANALYTICAL 
RESOURCES 
INCORPORATED 

Analytical 
Chemists & 
Consultants 

333 Ninth Ave. North 
Seattle, WA 98109-5187 
(206)621-6490 
(206) 621-7523 (FAX) 

CAS Number Analyte Concentration C LOD Prep M Analyzed 

7440-38-2 Arsenic 5.6 mg/kg-dry 0.3 SWN GFA 12/06/94 

7440-43-9 Cadmium 8.9 mg/kg-dry 0.7 SWC ICP 12/13/94 

7440-50-8 Copper 6.4 mg/kg-dry 0.7 SWC I CP 12/13/94 

7439-98-7 Molybdenum 2 mg/kg-dry U 2 SWC ICP 12/13/94 

7440-02-0 Nickel 20 mg/kg-dry 4 SWC ICP 12/13/94 

7782-49-2 Selenium 1.9 mg/kg-dry 0.8 SWN GFA 12/07/94 

7440-22-4 Silver 0.08 mg/kg-dry 0.03 SWN GFA 12/12/94 

7440-62-2 Vanadium 25.2 mg/kg-dry 0.7 SWC ICP 12/13/94 



ARI job number: 
ARI Sample number: 

Client: 
Contact: 
Matrix: 

J009 
BM 
Golder 
Kent Angelos 
Soil 

% Solids: 43.18 

ID number: M94AR025 
Project: 913-1101.604 

Description: 
Sampled: 11/10/94 
Received: 11/21/94 

Released by: 

A N A L Y T I C A L  R E S U L T S  

ANALYTICAL 
RESOURCES 
INCORPORATED 

Analytical 
Chemists & 
Consultants 

333 Ninth Ave. Norn 
Seattle, WA 98109-5187 
(206)621-6490 
(206) 621-7523 (FAX) 

CAS Number Analyte Concentration C LOD Prep M Analyzed 

7440-38-2 Arsenic 7.2 mg/kg-dry 0.8 SWN GFA 12/08/94 

7440-43-9 Cadmium 12.3 mg/kg-dry 0.4 SWC ICP 12/12/94 

7440-50-8 Copper 10.9 mg/kg-dry 0.4 SWC ICP 12/12/94 

7439-98-7 Molybdenum 1 mg/kg-dry U 1 SWC ICP 12/12/94 

7440-02-0 Nickel 20 mg/kg-dry 2 SWC ICP 12/12/94 

7782-49-2 Selenium 3.2 mg/kg-dry 0 . 8 SWN GFA 12/07/94 

7440-22-4 Silver 0.16 mg/kg-dry 0.03 SWN GFA 12/12/94 

7440-62-2 Vanadium 38.0 mg/kg-dry 0.4 SWC ICP 12/12/94 



ARI job number: 
ARI Sample number: 

Client: 
Contact: 
Matrix: 

J009 
BN 
Golder 
Kent Angelos 
Soil 

% Solids: 43.26 

ID number: 
Project: 

Description: 
Sampled: 
Received: 

M94AR026 
913-1101.604 

11/10/94 
11/21/94 

Released by: 

A N A L Y T I C A L  

ANALYTICAL 
RESOURCES 
INCORPORATED 

Analytical 
Chemists & 
Consultants 

333 Ninth Ave. North 
Seattle, WA 96109-5187 
(206) 621-6490 
(206) 621-7523 (FAX) 

R  E l  U  L  T  S  

CAS Number Analyte Concentrat ion C LOD Prep M Analyzed 

7440-38-2 Arsenic 11 mg/kg-dry 1 SWN GFA 12/08/94 

7440-43-9 Cadmium 21.0 mg/kg-dry 0.4 SWC I CP 12/12/94 

7440-50-8 Copper 12.4 mg/kg-dry 0.4 SWC I CP 12/12/94 

7439-98-7 Molybdenum 1 mg/kg-dry U 1 SWC I CP 12/12/94 

7440-02-0 Nickel 30 mg/kg-dry 2 SWC I CP 12/12/94 

7782-49-2 Selenium 4 mg/kg-dry 1 SWN GFA 12/07/94 

7440-22-4 Silver 0.24 mg/kg-dry 0.04 SWN GFA 12/12/94 

7440-62-2 Vanadium 48.6 mg/kg-dry 0.4 SWC ICP 12/12/94 



ARI job number: JO09 
ARI Sample number: 

Client: 
Contact: 
Matrix: 

BO 
Golder 
Kent Angelos 
Soil 

ID number: M94AR027 

% Solids: 34.10 

Project: 
Description: 

Sampled: 
Received: 

Released by: 

913-1101.604 

11/10/94 
11/21/94 

ANALYTICAL 
RESOURCES 
INCORPORATED 

Analytical 
Chemists & 
Consultants 

333 Ninth Ave. North 
Seattle. WA 98109-5187 
(206)621-6490 
(206) 621-7523 (FAX) 

A N A L Y T I C A L  L  T  S  

CAS Number Analyte Concentration C LOD Prep M Analyzed 

7440-38-2 Arsenic 24 mg/kg-dry 2 SWN GFA 12/12/94 

7440-43-9 Cadmium 24.9 mg/kg-dry 0.6 SWC I CP 12/12/94 

7440-50-8 Copper 13.3 mg/kg-dry 0.6 SWC ICP 12/12/94 

7439-98-7 Molybdenum 1 mg/kg-dry U 1 SWC ICP 12/12/94 

7440-02-0 Nickel 35 mg/kg-dry 3 SWC ICP 12/12/94 

7782-49-2 Selenium 6 mg/kg-dry 1 SWN GFA 12/07/94 

7440-22-4 Silver 0.30 mg/kg-dry 

o
 
o
 SWN GFA 12/12/94 

7440-62-2 Vanadium 65.8 mg/kg-dry 0.6 SWC ICP 12/12/94 



ARI job number; 
ARI Sample number: 

Client: 
Contact: 
Matrix: 

J009 
BP 
Golder 
Kent Angelos 
Soil 

% Solids: 52.99 

ID number: M94AR028 
Project: 913-1101.604 

Description: 
Sampled: 11/10/94 
Received: 11/21/94 

Released by: 

A N A L Y T I C A L  R E S U L T S  

ANALYTICAL 
RESOURCES 
INCORPORATED 

Analytical 
Chemists & 
Consultants 

333 Ninth Ave. North 
Seattle, WA 98109-5187 
(206)621-6490 
(206) 621-7523 (FAX) 

CAS Number Analyte Concentration C LOD Prep M Analyzed 

7440-38-2 Arsenic 28 mg/kg-dry 2 SWN GFA 12/12/94 

7440-43-9 Cadmium 18.7 mg/kg-dry 0.4 SWC ICP 12/12/94 

7440-50-8 Copper 8.8 mg/kg-dry 0.4 SWC ICP 12/12/94 

7439-98-7 Molybdenum 0.9 mg/kg-dry U 0.9 SWC ICP 12/12/94 

7440-02-0 Nickel 36 mg/kg-dry 2 SWC ICP 12/12/94 

7782-49-2 Selenium 5.3 mg/kg-dry 0.8 SWN GFA 12/07/94 

7440-22-4 Silver 0.33 mg/kg-dry 0.03 SWN GFA 12/12/94 

7440-62-2 Vanadium 39.9 mg/kg-dry 0.4 SWC ICP 12/12/94 



ARI job number: 
ARI Sample number: 

Client: 
Contact: 
Matrix: 

J009 
BQ 
Golder 
Kent Angelos 
Soil 

% Solids: 47.82 

ID number: M94AR029 
Project: 913-1101. 

Description: 
Sampled: 11/10/94 
Received: 11/21/94 

Released by: 

604 

A N A L Y T I C A L  

ANALYTICAL 
RESOURCES 
INCORPORATED 

Analytical 
Chemists & 
Consultants 

333 Ninth Ave. Nclh 
Seattle, WA 961CS-5187 
(206)621-6490 
(206) 621-7523 (FAX) 

CAS Number Analyte Concentration C LOD Prep M Analyzed 

7440-38-2 Arsenic 19 mg/kg-dry 2 SWN GFA 12/08/94 

7440-43-9 Cadmium 26.2 mg/kg-dry 0.8 SWC ICP 12/12/94 

7440-50-8 Copper 8.1 mg/kg-dry 0.8 SWC I CP 12/12/94 

7439-98-7 Molybdenum 2 mg/kg-dry U 2 SWC ICP 12/12/94 

7440-02-0 Nickel 33 mg/kg-dry 4 SWC ICP 12/12/94 

7782-49-2 Selenium 4.3 mg/kg-dry 0.8 SWN GFA 12/07/94 

7440-22-4 Silver 0.21 mg/kg-dry 0.03 SWN GFA 12/12/94 

7440-62-2 Vanadium 44.4 mg/kg-dry 0.8 SWC ICP 12/12/94 



ARI job number: JO09 
ARI Sample number: BR 

Client: Golder 
Contact: Kent Angelos 
Matrix: Soil 

% Solids: 39.19 

ID number: M94AR031 
Project: 913-1101.604 

Description: 
Sampled: 
Received: 

Released by: 

11/10/94 
11/21/94 

A N A L Y T I C A L  R E  t J L T S  

ANALYTICAL 
RESOURCES 
INCORPORATED 

Analytical 
Chemists & 
Consultants 

333 Ninth Ave. North 
Seattle, WA 98109-5:87 
(206)621-6490 
(206) 621-7523 (FAX: 

CAS Number Analyte Concentration C LOD Prep M Analyzed 

7440-38-2 Arsenic 18.2 mg/kg-dry 0.5 SWN GFA 12/06/94 

7440-43-9 Cadmium 29.5 mg/kg-dry 0.9 SWC ICP 12/12/94 

7440-50-8 Copper 10.0 mg/kg-dry 0.9 SWC ICP 12/12/94 

7439-98-7 Molybdenum 2 mg/kg-dry U 2 SWC ICP 12/12/94 

7440-02-0 Nickel 35 mg/kg-dry 5 SWC ICP 12/12/94 

7782-49-2 Selenium 6 mg/kg-dry 1 SWN GFA 12/07/94 

7440-22-4 Silver 0.25 mg/kg-dry 0.05 SWN GFA 12/12/94 

7440-62-2 Vanadium 57.0 mg/kg-dry 0.9 SWC ICP 12/12/94 



ARI job number: J009 
ARI Sample number: BS 

Client Golder 
Contact: Kent Angelos 
Matrix: Water 

% Solids: 0.00 

ID number: M94SC048 
Project: 913-1101.604 

Description: 
Sampled: 11/15/94 
Received: 11/21/94 

Released by: 

A N A L Y T I C A L  R E S  

ANALYTICAL 
RESOURCES 
INCORPORATED 

Analytical 
Chemists & 
Consultants 

333 Ninth Ave. Ncnh 
Seattle, WA 98109-5187 
(206) 621-6490 
(206) 621-7523 (FAX) 

CAS Number Analyte Concentration C LOD Prep M Analyzed 

7440-38-2 Arsenic 0.001 mg/L U 0.001 RMA GFA 12/02/94 

7440-43-9 Cadmium 0.002 mg/L U 0.002 TWC I CP 12/16/94 

7440-50-8 Copper 0.002 mg/L U 0. 002 TWC I CP 12/16/94 

7439-98-7 Molybdenum 0.005 mg/L U 0.005 TWC I CP 12/16/94 

7440-02-0 Nickel 0.01 mg/L U 0.01 TWC ICP 12/16/94 

7782-49-2 Selenium 0.001 mg/L U 0.001 RMA GFA 11/30/94 

7440-22-4 Silver 0.0002 mg/L 0.0002 TWN GFA 12/07/94 

7440-62-2 Vanadium 0.002 mg/L U 0.002 TWC ICP 12/16/94 

LL 



ARI job number: 
ARI Sample number: 

JO 09 
BT 

Client: Golder 
Contact: Kent Angelos 
Matrix: Water 

% Solids: 0.00 

ID number: M94SC056 
Project: 913-1101.604 

Description: 
Sampled: 
Received: 

Released by: 

11/16/94 
11/21/94 

A N A L Y T I C A L  R E S  / L  T  S  

ANALYTICAL 
RESOURCES 
INCORPORATED 

Analytical 
Chemists & 
Consultants 

333 Ninth Ave. North 
Seattle, WA 98109-5:3 
(206) 621-6490 
(206) 621-7523 (FAX: 

CAS Number Analyte Concentration C LOD Prep M Analyzed 

7440-38-2 Arsenic 0.001 mg/L U 0.001 RMA GFA 12/02/94 

7440-43-9 Cadmium 0.002 mg/L U 0.002 TWC ICP 12/16/94 

7440-50-8 Copper 0.002 mg/L 0. 002 TWC I CP 12/16/94 

7439-98-7 Molybdenum 0.005 mg/L U 0. 005 TWC ICP 12/16/94 

7440-02-0 Nickel 0.01 mg/L u  0.01 TWC ICP 12/16/94 

7782-49-2 Selenium 0.001 mg/L u  0.001 RMA GFA 11/30/94 

7440-22-4 Silver 0.0002 mg/L 0.0002 TWN GFA 12/07/94 

7440-62-2 Vanadium 0.002 mg/L u  0.002 TWC ICP 12/16/94 



ARI job number: 
ARI Sample number: 

Client: 
Contact: 
Matrix: 

J009 
BU 
Golder 
Kent Angelos 
Water 

% Solids: 0.00 

ID number: M94SC062 
Project: 913-1101.S04 

Description: 
Sampled: 11/16/94 
Received: 11/21/94 

Released by: 

A N A L Y T I C A L  

ANALYTICAL 
RESOURCES 
INCORPORATED 

Analytical 
Chemists & 
Consultants 

333 Ninth Ave. North 
Seattle. WA 98109-5187 
(206) 621-6490 
(206) 621-7523 (FAX) 

R E S  

CAS Number Analyte Concentration C LOD Prep M Analyzed 

7440-38-2 Arsenic 0.001 mg/L U 0.001 RMA GFA 12/02/94 

7440-43-9 Cadmium 0.003 mg/L 0.002 TWC ICP 12/16/94 

7440-50-8 Copper 0.004 mg/L 0.002 TWC ICP 12/16/94 

7439-98-7 Molybdenum 0.005 mg/L U 0.005 TWC ICP 12/16/94 

7440-02-0 Nickel 0.01 mg/L U 0.01 TWC ICP 12/16/94 

7782-49-2 Selenium 0.001 mg/L U 0 . 001 RMA GFA 11/30/94 

7440-22-4 Silver 0.0002 mg/L U 0.0002 TWN GFA 12/07/94 

7440-62-2 Vanadium 0.002 mg/L U 0.002 TWC ICP 12/16/94 



Final Report 
Laboratory Analysis of Conventional Parameters 

ANALYTICAL 
RESOURCES 
INCORPORATED 

Analytical 
Chemists & 
Consultants 

Lab Sample ID: J009A 
LIMS ID: 94-19608 
Matrix: Sediment 
Data Release Authorized: 
Reported: 12/09/94 

Sample No: M94SC001 

QC Report No: J009-Gclaer Associates 
Project: Monsanto Round 7 

913-1101.603 
Date Sampled: 11/11/94 
Date Received: 11/21/94 

333 Ninth Ave. North 
Seattle, WA 98109-51 
(206)621-6490 
(206) 621-7523 (FAX) 

Analyte 
Analysis 
D a t e M e t h o d  

Dilution 
Factor RL Units Result 

Soil pH 11/22/94 EPA 150.1 
SM 4500 H 

std units 7.3 

Total Solids 11/22/94 EPA 160.3 
SM 2540 B 

0.01 Percent 32.5 

Total Organic Carbon @104C 11/30/94 Plumb,1981 0.02 Percent 4.3 

pH determined on 1:1 soil:D.I. water extracts. 

7̂  
/)u, 

Analytical reporting limit 
Undetected at reported detection limit 

RL 
U 

Report for J009 received 11/21/94 



Final Report 
Laboratory Analysis of Conventional Parameters 

ANALYTICAL 
RESOURCES 
INCORPORATED 

Analytical 

Chemists & 

Consultants 

Sample No: M94SC002 

Lab Sample ID: J009B 

LIMS ID: 94-19609 
Matrix: Sediment r\ 
Data Release Authorized://Wf 
Reported: 12/09/94 

QC Report No: 
Project: 

Date Sampled: 
Date Received: 

J009-Golder Associates 
Monsanto Round 7 
913-1101.603 
11/11/94 
11/21/94 

333 Ninth Ave. North 
Seattle, WA 98109-518~ 
(206)621-6490 
(206) 621-7523 (FAX) 

Analyte 
Analysis 
Date Method 

Dilution 
Factor RL Units Result 

11/22/94 EPA 150.1 
SM 4500 H 

Soil pK 

Total Solids 

Total Organic Carbon @104C 11/30/94 Plumb,1981 

11/22/94 EPA 160.3 
SM 2540 B 

pH determined on 1:1 soil:D.I. water extracts. 

std units 

0.01 Percent 

0.02 Percent 

7.3 -5 

34.2 

4.6 

/!'•> hs 

RL Analytical reporting limit 
U Undetected at reported detection limit 

Report for J009 received 11/21/94 



Final Report 
Laboratory Analysis of Conventional Parameters 

ANALYTICAL 
RESOURCES 
INCORPORATED 

Analytical 
Chemists & 
Consultants 

Lab Sample ID: J009C 
LIMS ID: 94-19610 
Matrix: Sediment 
Data Release Authorized: 
Reported: 12/09/94 \1 

Sample No: M94SC003 

QC Report No: J009-Golder Associates 
Project: Monsanto Round 7 

913-1101.603 
Date Sampled: 11/11/94 
Date Received: 11/21/94 

333 Ninth Ave. North 
Seattle. WA 98109-5157 
(206) 621-6490 
(206) 621-7523 (FAX) 

Analyte 
Analysis 
Date Method 

Dilution 
Factor RL Units Result 

Soil pH 11/22/94 EPA 150.1 
SM 4500 H 

std units 7.3 3 

Total Solids 11/22/94 EPA 160.3 
SM 2540 B 

0.01 Percent 35.2 

Total Organic Carbon @104C 11/30/94 Plumb,1981 0.02 Percent 5.0 

pH determined on 1:1 soil:D.I. water extracts. 

1)̂  

RL Analytical reporting limit 
U Undetected at reported detection limit 

Report for J009 received 11/21/94 



Final Report 
Laboratory Analysis of Conventional Parameters 

ANALYTICAL 
RESOURCES 
INCORPORATED 

Analytical 

Chemists & 

Consultants 

Sample No: M94SC005 

Lab Sample ID: J009D 
LIMS ID: 94-19611 

Matrix: Sediment -
Data Release Authorized 
Reported: 12/09/94 1?-'^ 

QC Report No: 
Project: 

Date Sampled: 
Date Received: 

J009-Golder Associates 
Monsanto Round 7 
913-1101.603 
11/11/94 
11/21/94 

333 Ninth Ave. North 
Seattle, WA 98105-5187 
(206) 621-6490 
(206)621-7523 (FAX) 

Analyte 
Analysis 
D a t e M e t h o d  

Dilution 
Factor RL Units Result 

Soil pH 11/22/94 EPA 150.1 
SM 4500 H 

std units i.O J3"" 

Total Solids 11/22/94 EPA 160.3 
SM 2540 B 

0.01 Percent 41.9 

Total Organic Carbon O104C 11/30/94 Plumb,1981 0.02 Percent 2 . 8  

pH determined on 1:1 soil:D.I. water extracts. 

7 

RL Analytical reporting limit 
U Undetected at reported detection limit 

Report for J009 received 11/21/94 



Final Report 
Laboratory Analysis of Conventional Parameters 

ANALYTICAL 
RESOURCES 
INCORPORATED 

Analytical 
Chemists & 
Consultants 

Lab Sample ID: J009E 
LIMS ID: 94-19612 
Matrix: Sediment 
Data Release Authorized:^^' 
Reported: 12/09/94 

Sample No: M94SC006 

QC Report No: J009-Golder Associates 
Project: Monsanto Round 7 

913-1101.603 
Date Sampled: 11/11/94 
Date Received: 11/21/94 

333 Ninth Ave. North 
Seattle, WA 93109-Et 37 
(206) 621-6490 
(206) 621-7523 (FAXi 

Analyte 
Analysis 
Date Method 

Dilution 
Factor RI> Units Result 

Soil pH 11/22/94 EPA 150.1 
SM 4500 H 

std units '•0 

Total Solids 11/22/94 EPA 160.3 
SM 2540 B 

0 . 0 1  Percent 38.7 

Total Organic Carbon @104C 11/30/94 Plumb,1981 0 . 0 2  Percent 3.6 

pH determined on 1:1 soil:D.I. water extracts. 

RL Analytical reporting limit 
U Undetected at reported detection limit 

Report for J009 received 11/21/94 



Final Report 
Laboratory Analysis of Conventional Parameters 

ANALYTICAL 
RESOURCES 
INCORPORATED 

Analytical 
Chemists & 
Consultants 

Lab Sample ID: J009F 
LIMS ID: 94-19613 
Matrix: Sediment 
Data Release Authorized:/%7p^ 
Reported: 12/09/94 

Sample No: M94SC007 

QC Report No: J009-Golder Associates 
Project: Monsanto Round 7 

913-1101.603 
Date Sampled: 11/11/94 
Date Received: 11/21/94 

333 Ninth Ave. North 
Seattle, WA 96109-5187 
(206)621-6490 
(206) 621-7523 (FAX) 

Analyte 
Analysis 
Date Method 

Dilution 
Factor RL Units Result 

Soil pH 

Total Solids 

11/22/94 EPA 150.1 
SM 4500 H 

11/22/94 EPA 160.3 
SM 2540 B 

Total Organic Carbon ®104C 11/30/94 Plumb,1981 

std units 

0.01 Percent 

0.02 Percent 

6 . 6  

44.5 

3.5 

pH determined on 1:1 soil:D.I. water extracts. 

Analytical reporting limit 
Undetected at reported detection limit 

RL 
U 

Report for J009 received 11/21/94 



Final Report 
Laboratory Analysis of Conventional Parameters 

ANALYTICAL 
RESOURCES 
INCORPORATED 

Analytical 

Chemists & 

Consultants 

Lab Sample ID: J009G 

LIMS ID: 94-19614 

Matrix: Sediment 
Data Release Authorized:/^^ 
Reported: 12/09/94 

Sample No: K94SC019 

QC Report No: J009-Golaer Associates 
Project: Monsanto Round 7 

913-1101.603 
Date Sampled: 11/14/94 
Date Received: 11/21/94 

333 Ninth Ave. North 

Seattle. WA 981CS-518T 

(206) 621-6490 

(206) 621-7523 (FAX) 

Analyte 
Analysis 
Date Method 

Dilution 
Factor RL Units Result 

Soil pH 11/22/94 EPA 150.1 
SM 4500 H 

std units 6.9 ,-i 

Total Solids 11/22/94 EPA 160.3 
SM 2540 B 

0.01 Percent 54.4 

Total Organic Carbon @104C 11/30/94 Plumb,1981 0 . 0 2  Percent 3.4 

pH determined on 1:1 soil:D.I. water extracts. . 

//ph* 

Analytical reporting limit 
Undetected at reported detection limit 

RL 
U 

Report for J009 received 11/21/94 



Final Report 
Laboratory Analysis of Conventional Parameters 

ANALYTICAL 
RESOURCES 
INCORPORATED 

Analytical 
Chemists & 
Consultants 

Lab Sample ID: J009H 
LIMS ID: 94-19615 
Matrix: Sediment 
Data Release Authorized 
Reported: 12/09/94 

Sample No: M94SC020 

QC Report No: J009-Golder Associates 
Project: Monsanto Round 7 

913-1101.603 
Date Sampled: 11/14/94 
Date Received: 11/21/94 

333 Ninth Ave. North 
Seattle, WA 98109-5187 
(206) 621-6490 
(206) 621-7523 (FAX) 

Analyte 
Analysis 
Date Method 

Dilution 
Factor RL Units Result s-

Soil pH 11/22/94 EPA 150.1 
SM 4500 H 

std units 7.0 

Total Solids 11/22/94 EPA 160.3 
SM 2540 B 

0.01 Percent 35.8 

Total Organic Carbon @104C 11/30/94 Plumb,1981 0.02 Percent 3.0 

pH determined on 1:1 soil:D.I. water extracts. 

£ 

RL Analytical reporting limit 
U Undetected at reported detection limit 

Report for J009 received 11/21/94 



Final Report 
Laboratory Analysis of Conventional Parameters 

Lab Sample ID: J009I 
LIMS ID: 94-19616 
Matrix: Sediment 
Data Release Authorized 'YffyP 
Reported: 12/09/94 }7>-

Sample No: M94SC021 

QC Report No: J009-Golder Associates 
Project: Monsanto Round 7 

913-1101.603 
Date Sampled: 11/14/94 
Date Received: 11/21/94 

ANALYTICAL 
RESOURCES 
INCORPORATED 

Analytical 

Chemists & 
Consultants 

333 Ninth Ave North 
Seattle, WA 96109-5187 
(206) 621-6490 
(206) 621-7523 (FAX) 

Analyte 
Analysis 
Date Method 

Dilution 
Factor RL Units Result 

Soil pH 11/22/94 EPA 150.1 
SM 4500 H 

std units 7.1 _S 

Total Solids 11/22/94 EPA 160.3 
SM 2540 B 

0.01 Percent 34.9 

Total Organic Carbon @104C 11/30/94 Plumb,1981 0.02 Percent 4.2 

pH determined on 1:1 soil:D.I. water extracts. 

RL Analytical reporting limit 
U Undetected at reported detection limit 

Report for J009 received 11/21/94 



Final Report 
Laboratory Analysis of Conventional Parameters 

ANALYTICAL 
RESOURCES 
INCORPORATED 

Analytical 

Chemists & 

Consultants 

Lab Sample ID: J009J 
LIMS ID: 94-19617 
Matrix: Sediment _ 
Data Release Authorized 
Reported: 12/09/94 

Sample No: M94SC022 

QC Report No: J009-Golder Associates 
Proj ect: Monsanto Round 7 

913-1101.603 
Date Sampled: 11/14/94 
Date Received: 11/21/94 

333 Ninth Ave. North 
Seattle, WA 96109-5187 
(206)621-6490 
(206) 621-7523 (FAX) 

Analyte 
Analysis 
Date Method 

Dilution 
Factor RL Units Result % 

Soil pH 11/22/94 EPA 150.1 
SM 4500 H 

std units 6.9 ^ 

Total Solids 11/22/94 EPA 160.3 
SM 2540 B 

0.01 Percent 23.6 

Total Organic Carbon 9104C 11/30/94 Plumb,1981 0.02 Percent 3.8 

pH determined on 1:1 soil:D.I. water extracts. 

/4 

RL Analytical reporting limit 
U Undetected at reported detection limit 

Report for J009 received 11/21/94 



Final Report 
Laboratory Analysis of Conventional Parameters 

ANALYTICAL 
RESOURCES 
INCORPORATED 

Analytical 
Chemists & 
Consultants 

Lab Sample ID: J009K 
LIMS ID: 94-19618 
Matrix: Sediment _ 
Data Release Authorized:/%T 
Reported: 12/09/94 

Sample No: M94SC023 

QC Report No: J009-Gclder Associates 
Project: Monsanto Round 7 

913-1101.603 
Date Sampled: 11/14/94 
Date Received: 11/21/94 

333 Ninth Ave. North 
Seattle, WA 98109-513 
(206) 621-6490 
(206) 621-7523 (FAX; 

Analyte 
Analysis 
Date Method 

Dilution 
Factor RL Units Result 

Soil pH 11/22/94 EPA 150.1 
SM 4500 H 

std units ;.9 IT 

Total Solids 11/22/94 EPA 160.3 
SM 2540 B 

Total Organic Carbon @104C 11/30/94 Plumb,1981 

0.01 Percent 

0.02 Percent 

21.8 

4.1 

pH determined on 1:1 soil:D.I. water extracts. 

/ -

RL Analytical reporting limit 
U Undetected at reported detection limit 

Report for J009 received 11/21/94 



Final Report 
Laboratory Analysis of Conventional Parameters 

ANALYTICAL 
RESOURCES 
INCORPORATED 

Analytical 
Chemists & 
Consultants 

Lab Sample ID: J009L 
LIMS ID: 94-19619 
Matrix: Sediment 
Data Release Authorized: 
Reported: 12/09/94 

Sample No: M94SC024 

QC Report No: J009-Golder Associates 
Project: Monsanto Round 7 

913-1101.603 
Date Sampled: 11/14/94 
Date Received: 11/21/94 

333 Ninth Ave. Nonh 
Seattle. WA 98109-51E 
(206)621-6490 
(206) 621-7523 (FAX) 

Analyte 
Analysis 
Date Method 

Dilution 
Factor RL Units Result 

Soil pH 11/22/94 EPA 150.1 
SM 4500 H 

std units 7.0 /J 

Total Solids 11/22/94 EPA 160.3 
SM 2540 B 

0.01 Percent 16.8 

Total Organic Carbon @104C 11/30/94 Plumb,1981 0.02 Percent 4.8 

pH determined on 1:1 soil:D.I. water extracts. i/ 
•J/x 

r 

Analytical reporting limit 
Undetected at reported detection limit 

RL 
U 

Report for J009 received 11/21/94 



Final Report 
Laboratory Analysis of Conventional Parameters 

ANALYTICAL 
RESOURCES 
INCORPORATED 

Analytical 

Chemists & 

Consultants 

Lab Sample ID: J0C9M 
LIMS ID: 94-19620 

Matrix: Sediment 
Data Release Authorized -.fYfflP 
Reported: 12/09/94 ^'1 

Sample Mo: M94SC026 

QC Report No: 
Project: 

Date Sampled: 
Date Received: 

J009-Gclder Associates 
Monsanto Round 7 
913-1101.603 
11/14/94 
11/21/94 

333 Ninth Ave. North 
Seattle, WA 98109-518" 
(206)621-6490 
(206)621-7523 (FAX) 

Analyte 
Analysis 
Date Method 

Dilution 
Factor RL Units Result £ 

Soil pH 

Total Solids 

11/22/94 EPA 150.1 
SM 4500 H 

11/22/94 EPA 160.3 
SM 2540 B 

Total Organic Carbon O104C 12/01/94 Plumb,1981 

std units 

0.01 Percent 

0.02 Percent 

6.7 

48.8 

2.5 

pH determined on 1:1 soil:D.I. water extracts. 

7>/-* 

/h 

/) V 

RL Analytical reporting limit 
U Undetected at reported detection limit 

Report for J009 received 11/21/94 



Final Report 
Laboratory Analysis of Conventional Parameters 

Lab Sample ID: J009N 
LIMS ID: 94-19621 
Matrix: Sediment 
Data Release Authorized-/Y]^ 
Reported: 12/09/94 

Sample No: M94SC027 

QC Report No: J009-Golder Associates 
Project: Monsanto Round 7 

913-1101.603 
Date Sampled: 11/14/94 
Date Received: 11/21/94 

ANALYTICAL 
RESOURCES 
INCORPORATED 

Analytical 
Chemists & 
Consultants 

333 Ninth Ave. North 
Seattle, WA 98105-5187 
(206)621-6490 
(206) 621-7523 (FAX) 

Analyte 
Analysis 
Date Method 

Dilution 
Factor RL Units Result 

Soil pH 11/22/94 EPA 150.1 
SM 4500 H 

std units 7.1 rf 

Total Solids 11/22/94 EPA 160.3 
SM 2540 B 

0.01 Percent 58.6 

Total Organic Carbon @104C 12/01/94 Plumb,1981 0.02 Percent 2.5 

pH determined on 1:1 soil:D.I. water extracts. 

T>& 

///<? h 

Analytical reporting limit 
Undetected at reported detection limit 

RL 
U 

Report for J009 received 11/21/94 



Final Report 
Laboratory Analysis of Conventional Parameters 

ANALYTICAL 
RESOURCES 
INCORPORATED 

Analytical 

Chemists & 

Consultants 

Lab Sample ID: J0090 
LIMS ID: 94-19622 
Matrix: Sediment 
Data Release Authorized:^!^ 
Reported: 12/09/94 

Sample No: M94SC028 

QC Report No: J0C9-Golder Associates 
Project: Monsanto Round 7 

913-1101.603 
Date Sampled: 11/14/94 
Date Received: 11/21/94 

333 Ninth Ave. North 
Seattle, WA 98109-51 
(206) 621-6490 
(206) 621-7523 (FAX) 

Analyte 
Analysis 
Date Method 

Dilution 
Factor RL Units Result 2-

Soil pH 11/22/94 EPA 150.1 
SM 4500 H 

std units 6.6 3 

Total Solids 11/22/94 EPA 160.3 
SM 2540 B 

0.01 Percent 58.7 

Total Organic Carbon @104C 12/01/94 Plumb,1981 0.02 Percent 1.9 

pH determined on 1:1 soil:D.I. water extracts. 

7 
/A7-

RL Analytical reporting limit 
U Undetected at reported detection limit 

Report for J009 received 11/21/94 



Final Report 
Laboratory Analysis of Conventional Parameters 

ANALYTICAL 
RESOURCES 
INCORPORATED 

Analytical 

Chemists & 

Consultants 

Lab Sample ID: J009P 
LIMS ID: 94-19623 
Matrix: Sediment 
Data Release Authorized:/ 
Reported: 12/09/94 

Sample No: M94SC029 

QC Report No: J009-Golder Associates 
Project: Monsanto Round 7 

913-1101.603 
Date Sampled: 11/14/94 
Date Received: 11/21/94 

333 Ninth Ave. North 
Seattle. WA 98109-518 
(206)621-6490 
(206) 621-7523 (FAX) 

Analyte 
Analysis 
Date Method 

Dilution 
Factor RL Units Result 

Soil pH 11/22/94 EPA 150.1 
SM 4500 H 

std units 

Total Solids 11/22/94 EPA 160.3 
SM 2540 B 

0.01 Percent 47.2 

Total Organic Carbon @104C 12/01/94 Plumb,1981 0.02 Percent 2.5 

pH determined on 1:1 soil:D.I. water extracts. 

///-' 

Analytical reporting limit 
Undetected at reported detection limit 

RL 
U 

Report for J009 received 11/21/94 



Final Report 
Laboratory Analysis of Conventional Parameters 

ANALYTICAL 
RESOURCES 
INCORPORATED 

Analytical 

Chemists & 

Consultants 

Lab Sample ID: J009Q 
LIMS ID: 94-19624 
Matrix: Sediment 
Data Release Authorized:y1'Vl^ 
Reported: 12/09/94 

Sample Ho: M94SC030 

QC Report No: 
Project: 

Date Sampled: 
Date Received: 

J009-Golder Associates 
Monsanto Round 7 
913-1101.603 
11/14/94 
11/21/94 

333 Ninth Ave. North 
Seattle. WA 98109-5187 
(206) 621-6490 
(206) 621-7523 (FAX) 

Analyte 
Analysis 
Date Method 

Dilution 
Factor RL Units Result & 

Soil pH 

Total Solids 

11/22/94 EPA 150.1 
SM 4500 H 

11/22/94 EPA 160.3 
SM 2540 B 

Total Organic Carbon @104C 12/01/94 Plumb,1981 

std units 

0.01 Percent 

0.02 Percent 

6 . 8  

46.8 

2.9 

pH determined on 1:1 soil:D.I. water extracts. 

"1^ j ^ 

•//in* 

RL Analytical reporting limit 
U Undetected at reported detection limit 

Report for J009 received 11/21/94 



Final Report 
Laboratory Analysis of Conventional Parameters 

ANALYTICAL 
RESOURCES 
INCORPORATED 

Analytical 
Chemists & 
Consultants 

Lab Sample ID: J009R 
LIMS ID: 94-19625 
Matrix: Sediment 
Data Release Authorized 
Reported: 12/09/94 

Sample No: M94SC033 

QC Report No: J009-Golder Associates 
Project: Monsanto Round 7 

913-1101.603 
Date Sampled: 11/15/94 
Date Received: 11/21/94 

333 Ninth Ave. North 
Seattle, WA 98105-5187 
(206) 621-6490 
(206) 621-7523 (FAX) 

Analyte 
Analysis 
Date Method 

Dilution 
Factor RL Units Result 

Soil pH 11/22/94 EPA 150.1 
SM 4500 H 

std units 1.8 X 

Total Solids 11/22/94 EPA 160.3 
SM 2540 B 

0.01 Percent 15.1 

Total Organic Carbon @104C 12/01/94 Plumb,1981 0.02 Percent 9.4 

pH determined on 1:1 soil:D.I. water extracts. 

-7//' 
J-

RL Analytical reporting limit 
U Undetected at reported detection limit 

Report for J009 received 11/21/94 



Final Report 
Laboratory Analysis of Conventional Parameters 

ANALYTICAL 
RESOURCES 
INCORPORATED 

Analytical 

Chemists & 

Consultants 

Lab Sample ID: J009S 
LIMS ID: 94-19626 
Matrix: Sediment . 
Data Release Authorized:/)^/' 
Reported: 12/09/94 

Sample Ho: M94SC034 

QC Report No: 
Project: 

Date Sampled: 
Date Received: 

J009-Golder Associates 
Monsanto Round 7 
913-1101.603 
11/15/94 
11/21/94 

333 Ninth Ave. North 
Seattle, WA 98109-5187 
(206) 621-6490 
(206) 621-7523 (FAX) 

Analyte 
Analysis 
Date Method 

Dilution 
Factor RL Units Result 

Soil pH 11/22/94 EPA 150.1 
SM 4500 H 

std units 7.1 

Total Solids 11/22/94 EPA 160.3 
SM 2540 B 

0.01 Percent 14 .5 

Total Organic Carbon O104C 12/01/94 Plumb,1981 0.02 Percent 9.0 

pH determined on 1:1 soil:D.I. water extracts. 

-?// 
kc 

Analytical reporting limit 
Undetected at reported detection limit 

RL 
U 

Report for J009 received 11/21/94 



Final Report 
Laboratory Analysis of Conventional Parameters 

ANALYTICAL 
RESOURCES 
INCORPORATED 

Analytical 
Chemists & 
Consultants 

Lab Sample ID: J009T 
LIMS ID: 94-19627 
Matrix: Sediment 
Data Release Authorized: 
Reported: 12/09/94 1^1 

Sample No: M94SC035 

QC Report No: 
Project: 

Date Sampled: 
Date Received: 

J009-Golder Associates 
Monsanto Round 7 
913-1101.603 
11/15/94 
11/21/94 

333 Ninth Ave. Ncrth 
Seattle, WA 9S1CS-518 
(206) 621-64SO 
(206) 621-7523 (FAX) 

Analyte 
Analysis 
Date Method 

Dilution 
Factor RL Units Result 3^ 

Soil pH 11/22/94 EPA 150.1 
SM 4500 H 

std units 6.9 

Total Solids 11/22/94 EPA 160.3 
SM 2540 B 

0.01 Percent 17.0 

Total Organic Carbon @104C 12/01/94 Plumb,1981 0.02 Percent 9.0 

pH determined on 1:1 soil:D.I. water extracts. 

//>. 

RL Analytical reporting limit 
U Undetected at reported detection limit 

Report for J009 received 11/21/94 



Final Report 
Laboratory Analysis of Conventional Parameters 

ANALYTICAL 
RESOURCES 
INCORPORATED 

Analytical 

Chemists & 

Consultants 

Lab Sample ID: J009U 
LIMS ID: 94-19628 
Matrix: Sediment 
Data Release Authorized 
Reported: 12/09/94 

Sample No: M94SC036 

QC Report No: 
Project: 

Date Sampled: 
Date Received: 

J009-Golder Associates 
Monsanto Round 7 
913-1101.603 
11/15/94 
11/21/94 

333 Ninth Ave. North 
Seattle, WA 98109-518 
(206) 621-6490 
(206) 621-7523 (FAX) 

Analyte 
Analysis 
Date Method 

Dilution 
Factor RL Units Result 

Soil pH 11/22/94 EPA 150.1 
SM 4500 H 

std units 7.0 

Total Solids 11/22/94 EPA 160.3 
SM 2540 B 

0.01 Percent 21.7 

Total Organic Carbon @104C 12/01/94 Plumb,1981 0 . 0 2  Percent 6.4 

pH determined on 1:1 soil:D.I. water extracts. 

//̂ Ar 

RL Analytical reporting limit 
U Undetected at reported detection limit 

Report for J009 received 11/21/94 



Final Report 
Laboratory Analysis of Conventional Parameters 

Lab Sample ID: J009V 
LIMS ID: 94-19629 
Matrix: Sediment 
Data Release Authorized:/^!^ 
Reported: 12/09/94 /"Z^ 

Sample No: M94SC038 

QC Report No: J009-Golder Associates 
Project: Monsanto Round 7 

913-1101.603 
Date Sampled: 11/15/94 
Date Received: 11/21/94 

ANALYTICAL 
RESOURCES 
INCORPORATED 

Analytical 
Chemists & 
Consultants 

333 Ninth Ave. North 
Seattle, WA 96109-5187 
(206)621-6490 
(206)621-7523 (FAX) 

Analyte 
Analysis 
Date Method 

Dilution 
Factor RL Units Result % 

Soil pH 

Total Solids 

11/22/94 EPA 150.1 
SM 4500 H 

11/22/94 EPA 160.3 
SM 2540 B 

Total Organic Carbon ©104C 12/01/94 Plumb,1981 

pH determined on 1:1 soil:D.I. water extracts. 

std units 

0.01 Percent 

0.02 Percent 

6.7 —J 

21.3 

5.8 

,/\ ifa s 

RL Analytical reporting limit 
U Undetected at reported detection limit 

Report for J009 received 11/21/94 



Final Report 
Laboratory Analysis of Conventional Parameters 

ANALYTICAL 
RESOURCES 
INCORPORATED 

Analytical 
Chemists & 
Consultants 

Lab Sample ID: J009W 
LIMS ID: 94-19630 
Matrix: Sediment-
Data Release Authorized 
Reported: 12/09/94 

Sample No: M94SC039 

QC Report No: 
Project: 

Date Sampled: 
Date Received: 

J009-Golaer Associates 
Monsanto Round 7 
913-1101.603 
11/15/94 
11/21/94 

333 Ninth Ave. North 
Seattle, WA 98109-5187 
(206) 621-6490 
(206) 621-7523 (FAX) 

Analyte 
Analysis 
Date Method 

Dilution 
Factor RL Units Result 

Soil pH 11/22/94 EPA 150.1 
SM 4500 H 

std units 7.1 3" 

Total Solids 11/22/94 EPA 160.3 
SM 2540 B 

0.01 Percent 32.2 

Total Organic Carbon S104C 12/01/94 Plumb,1981 0.02 Percent 7.0 

pH determined on 1:1 soil:D.I. water extracts. 

7** i cr 

Analytical reporting limit 
Undetected at reported detection limit 

RL 
U 

Report for J009 received 11/21/94 



Final Report 
Laboratory Analysis of Conventional Parameters 

ANALYTICAL 
RESOURCES 
INCORPORATED 

Analytical 

Chemists & 

Consultants 

Lab Sample ID: J009X 
LIMS ID: 94-19631 
Matrix: Sediment . 
Data Release Authorized•./Yffi' 
Reported: 12/09/94 

Sample No: M94SC040 

QC Report No: 
Project: 

Date Sampled: 
Date Received: 

J009-Golder Associates 
Monsanto Round 7 
913-1101.603 
11/15/94 
11/21/94 

333 Ninth Ave. North 
Seattle, WA 98109-5187 
(206) 621-6490 
(206) 621-7523 (FAX) 

Analyte 
Analysis 
Date Method 

Dilution 
Factor RL Units Result 

Soil pH 11/22/94 EPA 150.1 
SM 4500 H 

std units 6.4 

Total Solids 11/22/94 EPA 160.3 
SM 2540 B 

0.01 Percent 24.6 

Total Organic Carbon ®104C 12/01/94 Plumb,1981 0.02 Percent 7.2 

pH determined on 1:1 soil:D.I. water extracts. 

RL Analytical reporting limit 
U Undetected at reported detection limit 

Report for J009 received 11/21/94 



Final Report 
Laboratory Analysis of Conventional Parameters 

Lab Sample ID: J003V 
LIMS ID: 94-19632 
Matrix: Sediment ~ 
Data Release Authorized 
Reported: 12/09/94 j 

Sample No: K94SC041 

QC Report No: J009-Gclder Associates 
Project: Monsanto Round 7 

913-1101.603 
Date Sampled: 11/15/94 
Date Received: 11/21/94 

ANALYTICAL 
RESOURCES 
INCORPORATED 

Analytical 
Chemists & 
Consultants 

333 Ninth Ave. North 
Seattle, VVA 98109-5167 
(206) 621-6490 
(206) 621-7523 (FAX) 

Analyte 
Analysis 
Date Method 

Dilution 
Factor RL Units Result 

Soil pH 11/22/94 EPA 150.1 
SM 4500 H 

std units 6.5 3 

Total Solids 11/22/94 EPA 160.3 
SM 2540 B 

0.01 Percent 24.2 

Total Organic Carbon O104C 12/01/94 Plumb,1981 0.02 Percent 6.5 

pH determined on 1:1 soil:D.I. water extracts. 
P 

7^ 

RL Analytical reporting limit 
U Undetected at reported detection limit 

Report for J009 received 11/21/94 



Final Report 
Laboratory Analysis of Conventional Parameters 

ANALYTICAL 
RESOURCES 
INCORPORATED 

Analytical 
Chemists & 
Consultants 

Lab Sample ID: J009Z 
LIMS ID: 94-19633 
Matrix: Sediment 
Data Release Authorized:, 
Reported: 12/09/94 

Sample No: M94SC042 

QC Report No: J009-Golder Associates 
Project: Monsanto Round 7 

913-1101.603 
Date Sampled: 11/15/94 
Date Received: 11/21/94 

333 Ninth Ave. North 
Seattle, WA 98109-518 
(206) 621-6490 
(206) 621-7523 (FAX) 

Analyte 
Analysis 
Date Method 

Dilution 
Factor RL Units Result 

Soil pH 11/22/94 EPA 150.1 
SM 4500 H 

std units 6.4 ̂  

Total Solids 11/22/94 EPA 160.3 
SM 2540 B 

0.01 Percent 30.2 

Total Organic Carbon @104C 12/01/94 Plumb,1981 0.02 Percent 4.3 

pH determined on 1:1 soil:D.I. water extracts. 

ijii 
,-r 

RL Analytical reporting limit 
U Undetected at reported detection limit 

Report for J009 received 11/21/94 



Final Report 
Laboratory Analysis of Conventional Parameters 

ANALYTICAL 
RESOURCES 
INCORPORATED 

Analytical 
Chemists & 
Consultants 

Lab Sample ID: J009AA 
LIMS ID: 94-19634 
Matrix: Sediment 
Data Release Authorized: /K)^7 

Reported: 12/09/94 

Sample No: M94SC044 

QC Report No: 
Project: 

Date Sampled: 
Date Received: 

J009-Golder Associates 
Monsanto Round 7 
913-1101.603 
11/15/94 
11/21/94 

333 Ninth Ave. North 
Seattle, WA 93109-51 
(206) 621-6490 
(206) 621-7523 (FAXl 

Analyte 
Analysis 
Date Method 

Dilution 
Factor RL Units Result 

Soil pH 11/22/94 EPA 150.1 
SM 4500 H 

std units 6.8 ^ 

Total Solids 11/22/94 EPA 160.3 
SM 2540 B 

0.01 Percent 44.9 

Total Organic Carbon @104C 12/01/94 Plumb,1981 0.02 Percent 5.0 

pH determined on 1:1 soil:D.I. water extracts. 

1)1k 

RL Analytical reporting limit 
U Undetected at reported detection limit 

Report for J009 received 11/21/94 



Final Report 
Laboratory Analysis of Conventional Parameters 

Lab Sample ID: J009AB 
LIMS ID: 94-19635 
Matrix: Sediment -
Data Release Authorized: 
Reported: 12/09/94 

Sample No: M94SC045 

QC Report No: J009-Golder Associates 
Project: Monsanto Round 7 

913-1101.603 
Date Sampled: 11/15/94 
Date Received: 11/21/94 

ANALYTICAL 
RESOURCES 
INCORPORATED 

Analytical 
Chemists & 

Consultants 

333 Ninth Ave. North 
Seattle, WA 98109-5187 
(206)621-6490 
(206) 621-7523 (FAX) 

Analyte 
Analysis 
Date Method 

Dilution 
Factor RL Units Result 

Soil pH 11/22/94 EPA 150.1 
SM 4500 H 

std units 6 . 8  

Total Solids 11/22/94 EPA 160.3 
SM 2540 B 

0.01 Percent 44.9 

Total Organic Carbon @104C 12/01/94 Plumb,1981 0.02 Percent 6 . 8  

pH determined on 1:1 soil:D.I. water extracts. 

/ r 

RL 
U 

Report 

Analytical reporting limit 
Undetected at reported detection limit 

for J009 received 11/21/94 



Final Report 
Laboratory Analysis of Conventional Parameters 

ANALYTICAL 
RESOURCES 
INCORPORATED 

Analytical 

Chemists & 

Consultants 

Lab Sample ID: J009AC 
LIMS ID: 94-I9S36 
Matrix: Sediment 
Data Release Authorized ••fYYQf 

Reported: 12/09/94 

Sample Ho: M94SC046 

QC Report No: 
Project: 

Date Sampled: 
Date Received: 

J009-Golder Associates 
Monsanto Round 7 
913-1101.603 
11/15/94 
11/21/94 

333 Ninth Ave. North 
Seattle, WA 98109-5187 
(206)621-6490 
(206) 621-7523 (FAX) 

Analysis Dilution 
Analyte Date Method Factor RL PnitB Result 

Soil pH 11/22/94 EPA 150.1 std units 6.8 
SM 4500 H 

Total Solids 11/22/94 EPA 160.3 0.01 Percent 46.5 
SM 2540 B 

Total Organic Carbon @104C 12/01/94 Plumb,1981 0.02 Percent 6.6 

pH determined on 1:1 soil:D.I. water extracts. 

RL Analytical reporting limit 
U Undetected at reported detection limit 

Report for J009 received 11/21/94 



Final Report 
Laboratory Analysis of Conventional Parameters 

ANALYTICAL 
RESOURCES 
INCORPORATED 

Analytical 
Chemists & 
Consultants 

Lab Sample ID: J009AD 
LIMS ID: 94-19637 
Matrix: Sediment 
Data Release Authorized:/)*^^ 
Reported: 12/09/94 jZ'6) 

Sample No: M94SC049 

QC Report No: J009-Golder Associates 
Project: Monsanto Round 7 

913-1101.603 
Date Sampled: 11/16/94 
Date Received: 11/21/94 

333 Ninth Ave. North 
Seattle. WA 98109-518 
(206) 621-6490 
(206) 621-7523 (FAX) 

Analyte 
Analysis 
Date Method 

Dilution 
Factor RL Units Result 5-

Soil pH 11/22/94 EPA 150.1 
SM 4500 H 

std units 7-3 3 

Total Solids 11/22/94 EPA 160.3 
SM 2540 B 

0.01 Percent 42.2 

Total Organic Carbon @104C 12/01/94 Plumb,1981 0.02 Percent 3.7 

pH determined on 1:1 soil:D.I. water extracts. 

RL Analytical reporting limit 
U Undetected at reported detection limit 

Report for J009 received 11/21/94 



Final Report 
Laboratory Analysis of Conventional Parameters 

ANALYTICAL 
RESOURCES 
INCORPORATED 

Analytical 
Chemists & 
Consultants 

Lab Sample ID: J009AE 
LIMS ID: 94-19638 
Matrix: Sediment 
Data Release Authorized 
Reported: 12/09/94 )2^} 

Sample No: K94SC050 

QC Report No: J009-Golder Associates 
Project: Monsanto Round 7 

913-1101.603 
Date Sampled: 11/16/94 
Date Received: 11/21/94 

333 Ninth Ave. North 
Seattle. WA 98109-518 
(206) 621-6490 
(206) 621-7523 (FAX) 

Analyte 

Analysis 
Date Method 

Dilution 
F a c t o r  R L U n i t s  Result 

Soil pH 11/22/94 EPA 150.1 
SM 4500 H 

std units -.3 ^ 

Total Solids 11/22/94 EPA 160.3 
SM 2540 B 

0.01 Percent 52.4 

Total Organic Carbon @104C 12/01/94 Plumb,1981 0.02 Percent 2.5 

pH determined on 1:1 soil:D.I. water extracts. 

,k  ̂

Analytical reporting limit 
Undetected at reported detection limit 

RL 
U 

Report for J009 received 11/21/94 



Final Report 
Laboratory Analysis of Conventional Parameters 

ANALYTICAL 
RESOURCES 
INCORPORATED 

Analytical 

Chemists & 

Consultants 

Lab Sample ID: J009AF 
LIMS ID: 94-19639 
Matrix: Sediment 
Data Release Authorized 
Reported: 12/09/94 ; 

Sample No: M94SC051 

QC Report No: J009-Golder Associates 
Project: Monsanto Round 7 

913-1101.603 
Date Sampled: 11/16/94 
Date Received: 11/21/94 

333 Ninth Ave. North 
Seattle, WA 95109-518 
(206) 621-6490 
(206) 621-7523 (FAX) 

Analyte 
Analysis 
Date Method 

Dilution 
Factor RL Units Result 

Soil pH 11/22/94 EPA 150.1 
SM 4500 H 

std units 7.2 ,J 

Total Solids 11/22/94 EPA 160.3 
SM 2540 B 

0.01 Percent 43.5 

Total Organic Carbon @104C 12/01/94 Plumb,1981 0.02 Percent 3.5 

pH determined on 1:1 soil:D.I. water extracts. 

7/^ 
s. 

RL Analytical reporting limit 
U Undetected at reported detection limit 

Report for J009 received 11/21/94 



Final Report 
Laboratory Analysis of Conventional Parameters 

ANALYTICAL 
RESOURCES 
INCORPORATED 

Analytical 

Chemists & 

Consultants 

Lab Sample ID: J009AG 
LIMS ID: 94-19640 
Matrix: Sediment 
Data Release Authorized:/^Jr 
Reported: 12/09/94 

Sample No: M94SC052 

QC Report No: 
Project: 

Date Sampled: 
Date Received: 

J009-Golder Associates 
Monsanto Round 7 
913-1101.603 
11/16/94 
11/21/94 

333 Ninth Ave. North 
Seattle, WA 98109-5; 87 
(206)621-6490 
(206) 621-7523 (FAX! 

Analyte 
Analysis 
Date Method 

Dilution 
Fac tor RL Units Result 

Soil pH 11/22/94 EPA 150.1 
SM 4500 H 

std units 7.6 

Total Solids 11/22/94 EPA 160.3 
SM 2540 B 

0.01 Percent 52.4 

Total Organic Carbon @104C 12/01/94 Plumb,1981 0.02 Percent 2.5 

pH determined on 1:1 soil:D.I. water extracts. 

RL Analytical reporting limit 
U Undetected at reported detection limit 

Report for J009 received 11/21/94 



Final Report 
Laboratory Analysis of Conventional Parameters 

ANALYTICAL 
RESOURCES 
INCORPORATED 

Analytical 
Chemists & 
Consultants 

Lab Sample ID: J009AH 
LIMS ID: 94-19641 
Matrix: Sediment 
Data Release Authorized• 
Reported: 12/09/94 

Sample No: M94SC053 

QC Report No: 
Project: 

Date Sampled: 
Date Received: 

J009-Golder Associates 
Monsanto Round 7 
913-1101.603 
11/16/94 
11/21/94 

333 Ninth Ave. Norm 
Seattle, WA 98" 09-518 
(206)621-6490 
(206) 621-7523 (FAX) 

Analyte 
Analysis 
Date Method 

Dilution 
Factor RL Units Result 2-

Soil pH 11/22/94 EPA 150.1 
SM 4500 H 

std units 7.0 3 

Total Solids 11/22/94 EPA 160.3 
SM 2540 B 

0.01 Percent 31.6 

Total Organic Carbon @104C 12/01/94 Plumb,1981 0.02 Percent 4.0 

pH determined on 1:1 soil:D.I. water extracts. 
fi 

RL Analytical reporting limit 
U Undetected at reported detection limit 

Report for J009 received 11/21/94 



Final Report 
Laboratory Analysis of Conventional Parameters 

ANALYTICAL 
RESOURCES 
INCORPORATED 

Analytical 

Chemists & 

Consultants 

Lab Sample ID: J009AI 
LIMS ID: 94-19642 
Matrix: Sediment 
Data Release Authorized:fj/yfiP 
Reported: 12/09/94 

Sample Mo: M94SC054 

QC Report No: J009-Golaer Associates 
Project: Monsanto Round 7 

913-1101.603 
Date Sampled: 11/16/94 
Date Received: 11/21/94 

333 Ninth Ave. North 
Seattle, WA 98109-516* 
(206) 621-6490 
(206) 621-7523 (FAX) 

Analyte 
Analysis 
Date Method 

Dilution 
Factor RL Units Result 

Soil pK 11/22/94 EPA 150.1 
SM 4500 H 

std units 7.0 —1 

Total Solids 11/22/94 EPA 160.3 
SM 2540 B 

0.01 Percent 32.5 

Total Organic Carbon @104C 12/01/94 Plumb,1981 0.02 Percent 4.0 

pH determined on 1:1 soil:D.I. water extracts. 

RL Analytical reporting limit 
U Undetected at reported detection limit 

Report for J009 received 11/21/94 



Final Report 
Laboratory Analysis of Conventional Parameters 

ANALYTICAL 
RESOURCES 
INCORPORATED 

Analytical 
Chemists & 
Consultants 

Lab Sample ID: J009AJ 
LIMS ID: 94-19643 
Matrix: Sediment . 
Data Release Authorized: l%)f 

Reported: 12/09/94 

Sample No: M94SC057 

QC Report No: J009-Golder Associates 
Project: Monsanto Round 7 

913-1101.603 
Date Sampled: 11/16/94 
Date Received: 11/21/94 

333 Ninth Ave. North 
Seattle, WA 98105-518 
(206)621-6490 
(206) 621-7523 (FAX) 

Analyte 
Analysis 
Date Method 

Dilution 
Factor RL Units Result & 

Soil pH 11/22/94 EPA 150.1 
SM 4500 H 

std units 6.9 J> 

Total Solids 11/22/94 EPA 160.3 
SM 2540 B 

0.01 Percent 2 2 . 2  

Total Organic Carbon @104C 12/01/94 Plumb,1981 0.02 Percent 5.6 

pH determined on 1:1 soil:D.I. water extracts. 

ug-

RL Analytical reporting limit 
U Undetected at reported detection limit 

Report for J009 received 11/21/94 



Final Report 
Laboratory Analysis of Conventional Parameters 

ANALYTICAL 
RESOURCES 
INCORPORATED 

Analytical 

Chemists & 

Consultants 

Lab Sample ID: J009AK 

LIMS ID: 94-19644 

Matrix: Sediment 
Data Release Authorized:^^^ 
Reported: 12/09/94 jl^ 

Sample No: M94SC058 

QC Report No: J009-Golder Associates 
Project: Monsanto Round 7 

913-1101.603 
Date Sampled: 11/16/94 
Date Received: 11/21/94 

333 Ninth Ave. North 
Seattle, WA 98109-5167 
(206) 621-6490 
(206) 621-7523 (FAX) 

Analyte 
Analysis Dilution 
Date Method Factor RL Units Result 

Soil pH 11/23/94 EPA 150.1 
SM 4500 H 

std units 6 . 8  

Total Solids 11/22/94 EPA 160.3 
SM 2540 B 

0.01 Percent 20.4 

Total Organic Carbon @104C 12/01/94 Plumb,1981 0.02 Percent 6.7 

pH determined on 1:1 soil:D.I. water extracts. 

T>/>' , , 

ib 

Analytical reporting limit 
Undetected at reported detection limit 

RL 

U 

Report for J009 received 11/21/94 



Final Report 
Laboratory Analysis of Conventional Parameters 

ANALYTICAL 
RESOURCES 
INCORPORATED 

Analytical 
Chemists & 
Consultants 

Lab Sample ID: J009AL 
LIMS ID: 94-19645 
Matrix: Sediment .. 
Data Release Authorized 
Reported: 12/09/94 jlsrf 

Sample No: M94SC059 

QC Report No: 
Project: 

Date Sampled: 
Date Received: 

J009-Golder Associates 
Monsanto Round 7 
913-1101.603 
11/16/94 
11/21/94 

333 Ninth Ave. North 
Seattle. WA 98109-5187 
(206) 621-6490 
(206) 621-7523 (FAX) 

Analyte 
Analysis 
Date Method 

Dilution 
Factor RL Units Result % 

Soil pH 11/23/94 EPA 150.1 
SM 4500 H 

std units 6.9 3 

Total Solids 11/22/94 EPA 160.3 
SM 2540 B 

0.01 Percent 24.1 

Total Organic Carbon @104C 12/01/94 Plumb,1981 0.02 Percent 5.0 

pH determined on 1:1 soil:D.I. water extracts. 

7>t/ 71 

ll>J 
r 

RL Analytical reporting limit 
U Undetected at reported detection limit 

Report for J009 received 11/21/94 



Final Report 
Laboratory Analysis of Conventional Parameters 

ANALYTICAL 
RESOURCES 
INCORPORATED 

Analytical 
Chemists & 
Consultants 

Lab Sample ID: J009AM 
LIMS ID: 94-19646 
Matrix: Sediment -
Data Release Authorized 
Reported: 12/09/94 jz* 

Sample No: M94SC063 

QC Report No: 
Project: 

Date Sampled: 
Date Received: 

J009-Golder Associates 
Monsanto Round 7 
913-1101.603 
11/16/94 
11/21/94 

333 Ninth Ave. North 
Seattle, WA 98109-5187 
(206) 621-6490 
(206) 621-7523 (FAX) 

Analyte 
Analysis 
Date Method 

Dilution 
Factor RL Units Result s-

Soil pH 11/23/94 EPA 150.1 
SM 4500 H 

std units 6 . 8  -J 

Total Solids 11/22/94 EPA 160.3 
SM 2540 B 

0.01 Percent 24.6 

Total Organic Carbon (3104C 12/01/94 Plumb,1981 0.02 Percent 4.3 

pH determined on 1:1 soil:D.I. water extracts. 

/// 2 

RL Analytical reporting limit 
U Undetected at reported detection limit 

Report for J009 received 11/21/94 



Final Report 
Laboratory Analysis of Conventional Parameters 

ANALYTICAL 
RESOURCES 
INCORPORATED 

Analytical 
Chemists & 
Consultants 

Lab Sample ID: J009AN 
LIMS ID: 94-19647 
Matrix: Sediment 
Data Release Authorized:^^^^ 
Reported: 12/09/94 

Sample No: M94SC064 

QC Report No: 
Project: 

Date Sampled: 
Date Received: 

J009-Golder Associates 
Monsanto Round 7 
913-1101.603 
11/16/94 
11/21/94 

333 Ninth Ave. North 
Seattle, WA 9S1C9-5187 
(206) 621-6490 
(206) 621-7523 (FAX) 

Analyte 
Analysis 
Date Method 

Dilution 
Factor RL Units Result, & 

Soil pH 11/23/94 EPA 150.1 
SM 4500 H 

std units 6.7 

Total Solids 11/22/94 EPA 160.3 
SM 2540 B 

0.01 Percent 10.3 

Total Organic Carbon @104C 12/05/94 Plumb,1981 0.02 Percent 8 . 0  

pH determined on 1:1 soil:D.I. water extracts. 

// 

RL Analytical reporting limit 
U Undetected at reported detection limit 

Report for J009 received 11/21/94 



Final Report 
Laboratory Analysis of Conventional Parameters 

ANALYTICAL 
RESOURCES 
INCORPORATED 

Analytical 
Chemists & 
Consultants 

Lab Sample ID: J009AO 
LIMS ID: 94-13648 
Matrix: Sediment 
Data Release Authorized-fP0P 
Reported: 12/09/94 )2/'C] 

Sample No: M94SC065 

QC Report No: 
Project: 

Date Sampled: 
Date Received: 

J009-Golder Associates 
Monsanto Round 7 
913-1101.603 
11/16/94 
11/21/94 

333 Ninth Ave. North 
Seattle, WA 98109-5187 
(206) 621-6490 
(206) 621-7523 (FAX) 

Analyte 

Analysis 
. Date Method 

Dilution 
Factor RL Dnits Result 

Soil pH 11/23/94 EPA 150.1 
SM 4500 H 

std units 6.9 J. 

Total Solids 11/22/94 EPA 160.3 
SM 2540 B 

0.01 Percent 14.6 

Total Organic Carbon @104C 12/05/94 Plumb,1981 0.02 Percent 9.2 

pH determined on 1:1 soil:D.I. water extracts. 

RL Analytical reporting limit 
U Undetected at reported detection limit 

Report for J009 received 11/21/94 



Final Report 
Laboratory Analysis of Conventional Parameters 

Lab Sample ID: J009AP 
LIMS ID: 94-19649 
Matrix: Sediment n 
Data Release Authorized: 
Reported: 12/09/94 

Sample No: M94SC066 

QC Report No: J009-Golder Associates 
Project: Monsanto Round 7 

913-1101.603 
Date Sampled: 11/16/94 
Date Received: 11/21/94 

ANALYTICAL 
RESOURCES 
INCORPORATED 

Analytical 
Chemists & 
Consultants 

333 Ninth Ave. North 

Seattle, WA 98109-5187 

(206) 621-6490 
(206) 621-7523 (FAX) 

Analyte 
Analysis 
Date Method 

Dilution 
Factor RL Units Result 3^ 

11/23/94 EPA 150.1 
SM 4500 H 

Soil pH 

Total Solids 

Total Organic Carbon @104C 12/05/94 Plumb,1981 

11/22/94 EPA 160.3 
SM 2540 B 

std units 

0.01 Percent 

0.02 Percent 

' • 8 jT 

17.7 

7.6 

pH determined on 1:1 soil:D.I. water extracts. 

RL Analytical reporting limit 
U Undetected at reported detection limit 

Report for J009 received 11/21/94 



Final Report 
Laboratory Analysis of Conventional Parameters 

ANALYTICAL 
RESOURCES 
INCORPORATED 

Analytical 
Chemists & 
Consultants 

Sample No: M94SC067 

Lab Sample ID: J009AQ 
LIMS ID: 94-19650 
Matrix: Sediment 
Data Release Authorized^ 
Reported: 12/09/94 ' }'t'Cl 

QC Report No: 
Project: 

Date Sampled: 
Date Received: 

J009-Golder Associates 
Monsanto Round 7 
913-1101.603 
11/16/94 
11/21/94 

333 Ninth Ave. Nonh 
Seattle, WA 98109-51 
(206) 621-6490 
(206) 621-7523 (FAX) 

Analyte 
Analysis Dilution 
Date Method Factor RL Units Result 

9. 

Soil pH 

Total Solids 

11/23/94 EPA 150.1 
SM 4500 H 

11/22/94 EPA 160.3 
SM 2540 B 

Total Organic Carbon @104C 12/05/94 Plumb,1981 

std units 

0.01 Percent 

0.02 Percent 

6 . 8  

18.8 

5.0 

pH determined on 1:1 soil:D.I. water extracts. 

RL Analytical reporting limit 
U Undetected at reported detection limit 

Report for J009 received 11/21/94 



Final Report 
Laboratory Analysis of Conventional Parameters 

ANALYTICAL 
RESOURCES 
INCORPORATED 

Analytical 

Chemists & 

Consultants 

Sample Mo: M94AR001 

Lab Sample ID: J009AR 
LIMS ID: 94-19651 
Matrix: Sediment ~ 
Data Release Authorized 
Reported: 12/09/94 

QC Report No: 
Project: 

Date Sampled: 
Date Received: 

J009-Golder Associates 
Monsanto Round 7 
913-1101.603 
11/06/94 
11/21/94 

333 Ninth Ave. North 
Seattle, WA 98109-5187 
(206) 621-6490 
(206) 621-7523 (FAX) 

Analyte 
Analysis 
Date Method 

Dilution 
Factor RL Units Result 2-

Soil pH 

Total Solids 

11/23/94 EPA 150.1 
SM 4500 H 

11/22/94 EPA 160.3 
SM 2540 B 

Total Organic Carbon S104C 12/05/94 Plumb,1981 

std units 

0.01 Percent 

0.02 Percent 

7.4 

41.4 

2.9 

pH determined on 1:1 soil:D.I. water extracts. 

'?A kr 
///yr 

RL Analytical reporting limit 
U Undetected at reported detection limit 

Report for J009 received 11/21/94 



Final Report 
Laboratory Analysis of Conventional Parameters 

Sample No: M94AR002 

Lab Sample ID: J009AS 
LIMS ID: 94-19652 
Matrix: Sediment 
Data Release Authorized: 
Reported: 12/09/94 

QC Report No: 
Project: 

Date Sampled: 
Date Received: 

J009-Golder Associates 
Monsanto Round 7 
913-1101.603 
11/07/94 
11/21/94 

ANALYTICAL 
RESOURCES 
INCORPORATED 

Analytical 
Chemists & 
Consultants 

333 Ninth Ave. North 
Seattle. WA 98109-5187 
(206) 621-6490 
(206) 621-7523 (FAX) 

Analyte 
Analysis 
Date Method 

Dilution 
Factor RL Units Result 

Soil pH 11/23/94 EPA 150.1 
SM 4500 H 

std units 7.2 3^ 

Total Solids 11/22/94 EPA 160.3 
SM 2540 B 

0.01 Percent 51.1 

Total Organic Carbon @104C 12/05/94 Plumb,1981 0.02 Percent 2 . 2  

pH determined on 1:1 soil:D.I. water extracts. « 

//"• 

RL Analytical reporting limit 
U Undetected at reported detection limit 

Report for J009 received 11/21/94 



Final Report 
Laboratory Analysis of Conventional Parameters 

ANALYTICAL 
RESOURCES 
INCORPORATED 

Analytical 
Chemists & 
Consultants 

Lab Sample ID: J009AT 
LIMS ID: 94-19653 
Matrix: Sediment . 
Data Release Authorized: f]f$Y 
Reported: 12/09/94 

Sample Ho: M94AR003 

QC Report No: J009-Golder Associates 
Project: Monsanto Round 7 

913-1101.603 
Date Sampled: 11/07/94 
Date Received: 11/21/94 

333 Ninth Ave. Norm 
Seattle, WA 98105-5187 
(206)621-6490 
(206) 621-7523 (FAX) 

Analyte 
Analysis 
Date Method 

Dilution 
Factor RL Units Result 

Soil pH 11/23/94 EPA 150.1 
SM 4500 H 

std units 7.6 J 

Total Solids 11/22/94 EPA 160.3 
SM 2540 B 

0.01 Percent 55.6 

Total Organic Carbon S104C 12/05/94 Plumb,1981 0.02 Percent 2.3 

pH determined on 1:1 soil:D.I. water extracts. 

RL Analytical reporting limit 
U Undetected at reported detection limit 

Report for J009 received 11/21/94 



Final Report 
Laboratory Analysis of Conventional Parameters 

ANALYTICAL 
RESOURCES 
INCORPORATED 

Analytical 

Chemists & 

Consultants 

Lab Sample ID: U009AU 
LIMS ID: 94-19654 
Matrix: Sediment 
Data Release Authorized:^^' 
Reported: 12/09/94 

Sample No: M94AR004 

QC Report No: 
Project: 

Date Sampled: 
Date Received: 

J009-Golder Associates 
Monsanto Round 7 
913-1101.603 
11/07/94 
11/21/94 

333 Ninth Ave. North 
Seattle. WA 98109-5187 
(206) 621-6490 
(206) 621-7523 (FAX) 

Analyte 
Analysis 
Date Method 

Dilution 
Factor RL Units Result 

Soil pH 

Total Solids 

11/23/94 EPA 150.1 
SM 4500 H 

11/22/94 EPA 160.3 
SM 2540 B 

Total Organic Carbon @104C 12/05/94 Plumb,1981 

std units 

0.01 Percent 

0.02 Percent 

7.7 

59.7 

2.7 

pH determined on 1:1 soil:D.I. water extracts. 

7^ , 

//̂ M 

RL Analytical reporting limit 
U Undetected at reported detection limit 

Report for J009 received 11/21/94 



Final Report 
Laboratory Analysis of Conventional Parameters 

ANALYTICAL 
RESOURCES 
INCORPORATED 

Analytical 
Chemists & 
Consultants 

Lab Sample ID: J009AV 
LIMS ID: 94-19555 
Matrix: Sediment . 
Data Release Authorizedy^^ 
Reported: 12/09/94 )7'1 

Sample No: M94AR005 

QC Report No: 
Project: 

Date Sampled: 
Date Received: 

J009-Golder Associates 
Monsanto Round 7 
913-1101.603 
11/07/94 
11/21/94 

333 Ninth Ave. North 
Seattle. WA 98109-5187 
(206)621-6490 
(206) 621-7523 (FAX) 

Analyte 
Analysis 
Date Method 

Dilution 
Factor RL Units Result e 

Soil pH 11/23/94 EPA 150.1 
SM 4500 H 

std units 7.8 

Total Solids 11/22/94 EPA 150.3 
SM 2540 B 

0.01 Percent 67.4 

Total Organic Carbon @104C 12/05/94 Plumb,1981 0.02 Percent 2.6 

pH determined on 1:1 soil:D.I. water extracts. 

RL Analytical reporting limit 
U Undetected at reported detection limit 

Report for J009 received 11/21/94 



Final Report 
Laboratory Analysis of Conventional Parameters 

ANALYTICAL 
RESOURCES 
INCORPORATED 

Analytical 
Chemists & 
Consultants 

Lab Sample ID: J009AW 
LIMS ID: 94-19656 
Matrix: Sediment ~ 
Data Release Authorized: 
Reported: 12/09/94 

Sample Ho: M94AR006 

CC Report No: 
Project: 

Date Sampled: 
Date Received: 

J009-Golder Associates 
Monsanto Round 7 
913-1101.603 
11/07/94 
11/21/94 

333 Ninth Ave. North 
Seattle, WA 98109-5157 
(206) 621-6490 
(206) 621-7523 (FAX) 

Analyte 
Analysis 
Date Method 

Dilution 
Factor RL Units Result 3̂  

Soil pH 11/23/94 EPA 150.1 
SM 4500 H 

std units 7.2 

Total Solids 11/22/94 EPA 160.3 
SM 2540 B 

0.01 Percent 44.8 

Total Organic Carbon @104C 12/05/94 Plumb,1981 0.02 Percent 3.7 

pH determined on 1:1 soil:D.I. water extracts. 

RL Analytical reporting limit 
U Undetected at reported detection limit 

Report for J009 received 11/21/94 



Final Report 
Laboratory Analysis of Conventional Parameters 

ANALYTICAL 
RESOURCES 
INCORPORATED 

Analytical 
Chemists & 
Consultants 

Lab Sample ID: J009AX 
LIMS ID: 94-19657 
Matrix: Sediment 
Data Release Authorized 
Reported: 12/09/94 

Sample No: M94AR007 

QC Report No: J009-Golder Associates 
Project: Monsanto Round 7 

913-1101.603 
Date Sampled: 11/08/94 
Date Received: 11/21/94 

333 Ninth Ave. North 
Seattle, WA 98109-5187 
(206)621-6490 
(206) 621-7523 (FAX) 

Analyte 
Analysis 
Date Method 

Dilution 
Factor RL Units Result £ 

Soil pH 11/23/94 EPA 150.1 
SM 4500 H 

std units 7.4 

Total Solids 11/22/94 EPA 160.3 
SM 2540 B 

0.01 Percent 61.9 

Total Organic Carbon @104C 12/05/94 Plumb,1981 0.02 Percent 3.3 

pH determined on 1:1 soil:D.I. water extracts. 

///̂ r 

RL Analytical reporting limit 
U Undetected at reported detection limit 

Report for J009 received 11/21/94 



Final Report 
Laboratory Analysis o£ Conventional Parameters 

ANALYTICAL 
RESOURCES 
INCORPORATED 

Analytical 
Chemists & 
Consultants 

Lab Sample ID: J009AY 
LIMS ID: 94-19658 
Matrix: Sediment 
Data Release Authorized.^ ^ 
Reported: 12/09/94 

Sample Ho: M94AR009 

QC Report No: J009-Golder Associates 
Project: Monsanto Round 7 

913-1101.603 
Date Sampled: 11/08/94 
Date Received: 11/21/94 

333 Ninth Ave. North 
Seattle, WA 98109-5187 
(206) 621-6490 
(206) 621-7523 (FAX) 

Analyte 
Analysis 
Date Method 

Dilution 
Factor RL Units Result 

Soil pH 11/23/94 EPA 150.1 
SM 4500 H 

std units 7.4 

Total Solids 11/22/94 EPA 160.3 
SM 2540 B 

0.01 Percent 58.8 

Total Organic Carbon @104C 12/05/94 Plumb,1981 0.02 Percent 2.5 

pH determined on 1:1 soil:D.I. water extracts. 

RL Analytical reporting limit 
U Undetected at reported detection limit 

Report for J009 received 11/21/94 



Final Report 
Laboratory Analysis of Conventional Parameters 

ANALYTICAL 
RESOURCES 
INCORPORATED 

Analytical 
Chemists & 
Consultants 

Lab Sample ID: J009AZ 
LIMS ID: 94-19659 
Matrix: Sediment . 
Data Release Authorized: 

) 1* Reported: 12/09/94 

Sample No: M94AR011 

QC Report No: J009-Golaer Associates 
Project: Monsanto Round 7 

913-1101.603 
Date Sampled: 11/08/94 
Date Received: 11/21/94 

333 Ninth Ave. North 
Seattle, WA 98105-5187 
(206)621-6490 
(206) 621-7523 (FAX) 

Analyte 
Analysis 
Date Method 

Dilution 
Factor RL Units Result 

Soil pH 

Total Solids 

11/23/94 EPA 150.1 
SM 4500 H 

11/22/94 EPA 160.3 
SM 2540 B 

Total Organic Carbon @104C 12/05/94 Plumb,1981 

std units 

0.01 Percent 

0.02 Percent 

7.4 ^ 

61.2 

2 . 6  

pH determined on 1:1 soil:D.I. water extracts. 

RL Analytical reporting limit 
U Undetected at reported detection limit 

Report for J009 received 11/21/94 



Final Report 
Laboratory Analysis of Conventional Parameters 

ANALYTICAL 
RESOURCES 
INCORPORATED 

Analytical 
Chemists & 
Consultants 

Lab Sample ID: J009BA 
LIMS ID: 94-19660 
Matrix: Sediment 
Data Release Authorized: 
Reported: 12/09/94 

Sample No: M94AR012 

QC Report No: J009-Golder Associates 
Project: Monsanto Round 7 

913-1101.603 
Date Sampled: 11/08/94 
Date Received: 11/21/94 

333 Ninth Ave. North 
Seattle, WA 98109-5187 
(206) 621-6490 
(206)621-7523 (FAX) 

Analyte 
Analysis Dilution 
Date Method Factor RL Units Result 2-

Soil pH 11/23/94 EPA 150.1 
SM 4500 H 

std units 7.4 

Total Solids 11/22/94 EPA 160.3 
SM 2540 B 

0.01 Percent 64.9 

Total Organic Carbon @104C 12/05/94 Plumb,1981 0.02 Percent 2 . 2  

pK determined on 1:1 soil:D.I. water extracts. 

RL Analytical reporting limit 
U Undetected at reported detection limit 

Report for J009 received 11/21/94 



Final Report 
Laboratory Analysis of Conventional Parameters 

ANALYTICAL 
RESOURCES 
INCORPORATED 

Analytical 

Chemists & 

Consultants 

Lab Sample ID: J009BB 
LIMS ID: 94-196G1 
Matrix: Sediment 
Data Release Authorized 
Reported: 12/09/94 

Sample No: M94AR013 

QC Report No: 
Project: 

Date Sampled: 
Date Received: 

J009-Golder Associates 
Monsanto Round 7 
913-1101.603 
11/08/94 
11/21/94 

333 Ninth Ave. North 
Seattle, WA 98109-5187 
(206) 621-6490 
(206) 621-7523 (FAX) 

Analyte 
Analysis 
Date Method 

Dilution 
Factor RL Units Result 

Soil pH 11/23/94 EPA 150.1 
SM 4500 H 

std units 7.7 ^ 

Total Solids 11/22/94 EPA 160.3 
SM 2540 B 

0.01 Percent 65.6 

Total Organic Carbon @104C 12/05/94 Plumb,1981 0.02 Percent 2.1 

pH determined on 1:1 soil:D.I. water extracts. „ 

RL Analytical reporting limit 
U Undetected at reported detection limit 

Report for J009 received 11/21/94 



Final Report 
Laboratory Analysis of Conventional Parameters 

ANALYTICAL 
RESOURCES 
INCORPORATED 

Analytical 

Chemists & 

Consultants 

Lab Sample ID: J009BC 
LIMS ID: 94-19662 
Matrix: Sediment 
Data Release Authorized: 
Reported: 12/09/94 \Z'^\ 

Sample No: M94AR014 

QC Report No: J009-Golder Associates 
Project: Monsanto Round 7 

913-1101.603 
Date Sampled: 11/08/94 
Date Received: 11/21/94 

333 Ninth Ave. North 
Seattle, WA 98109-5187 
(206) 621-6490 
(206) 621-7523 (FAX) 

Analyte 
Analysis 
D a t e M e t h o d  

Dilution 
Factor RL Units Result 

Soil pH 11/23/94 EPA 150.1 
SM 4500 H 

std units 7.6 Ci 

Total Solids 11/22/94 EPA 160.3 
SM 2540 B 

0.01 Percent 54.9 

Total Organic Carbon @104C 12/05/94 Plumb,1981 0.02 Percent 3.0 

pH determined on 1:1 soil:D.I. water extracts. 

RL Analytical reporting limit 
U Undetected at reported detection limit 

Report for J009 received 11/21/94 



Final Report 
Laboratory Analysis of Conventional Parameters 

ANALYTICAL 
RESOURCES 
INCORPORATED 

Analytical 
Chemists & 
Consultants 

Lab Sample ID: J009BD 
LIMS ID: 94-19663 
Matrix: Sediment . 
Data Release Authorized 
Reported: 12/09/94 

Sample No: M94AR015 

QC Report No: J009-Golder Associates 
Project: Monsanto Round 7 

913-1101.603 
Date Sampled: 11/08/94 
Date Received: 11/21/94 

333 Ninth Ave. North 
Seattle, WA 98109-5187 
(206) 621-6490 
(206)621-7523 (FAX) 

Analyte 
Analysis 
Date Method 

Dilution 
Factor RL Units Result 

Soil pH 11/23/94 EPA 150.1 
SM 4500 H 

std units 7.4 5" 

Total Solids 11/22/94 EPA 160.3 
SM 2540 B 

0.01 Percent 55.7 

Total Organic Carbon @104C 12/05/94 Plumb,1981 0.02 Percent 1.9 

pH determined on 1:1 soil:D.I. water extracts. 

RL Analytical reporting limit 
U Undetected at reported detection limit 

Report for J009 received 11/21/94 



Final Report 
Laboratory Analysis of Conventional Parameters 

ANALYTICAL 
RESOURCES 
INCORPORATED 

Analytical 
Chemists & 
Consultants 

Lab Sample ID: J009BE 
LIMS ID: 94-19664 
Matrix: Sediment 
Data Release Authorized 
Reported: 12/09/94 ,-7.^ 

Sample No: M94AR016 

QC Report No: J009-Golder Associates 
Project: Monsanto Round 7 

913-1101.603 
Date Sampled: 11/08/94 
Date Received: 11/21/94 

333 Ninth Ave North 
Seattle, WA9S109-518 
(206) 621-6490 
(206) 621-7523 (FAX) 

Analyte 
Analysis 
Date Method 

Dilution 
Factor RL Units Result 

Soil pH 11/23/94 EPA 150.1 
SM 4500 H 

std units 7.5 

Total Solids 11/22/94 EPA 160.3 
SM 2540 B 

0.01 Percent 67.4 

Total Organic Carbon @104C 12/05/94 Plumb,1981 0.02 Percent 2.5 

pH determined on 1:1 soil:D.I. water extracts. 

RL Analytical reporting limit 
U Undetected at reported detection limit 

Report for J009 received 11/21/94 



Final Report 
Laboratory Analysis of Conventional Parameters 

Lab Sample ID: J009BF 
LIMS ID: 94-19665 
Matrix: Sediment 
Data Release Authorized:!' 
Reported: 12/09/94 

Sample No: M94AR017 

QC Report No: J009-Golder Associates 
Project: Monsanto Round 7 

913-1101.603 
Date Sampled: 11/09/94 
Date Received: 11/21/94 

ANALYTICAL 
RESOURCES 
INCORPORATED 

Analytical 
Chemists & 
Consultants 

# 
333 Ninth Ave. Nonh 
Seattle, WA 98103-5187 
(206)621-6490 
(206) 621-7523 (FAX) 

Analyte 
Analysis 
Date Method 

Dilution 
Factor RL Units Result 

Soil pH 

Total Solids 

11/23/94 EPA 150.1 
SM 4500 H 

11/22/94 EPA 160.3 
SM 2540 B 

std units 

0.01 Percent 

7.4 s* 

52.1 

Total Organic Carbon @104C 12/05/94 Plumb,1981 0.02 Percent 9.0 

pH determined on 1:1 soil:D.I. water extracts. 

RL Analytical reporting limit 
U Undetected at reported detection limit 

Report for J009 received 11/21/94 



Final Report 
Laboratory Analysis of Conventional Parameters 

ANALYTICAL 
RESOURCES 
INCORPORATED 

Analytical 

Chemists & 

Consultants 

Lab Sample ID: J009BG 
LIMS ID: 94-19666 
Matrix: Sediment _ 
Data Release AuthorizedrjyW' 
Reported: 12/09/94 

Sample No: M94AR019 

QC Report No: 
Project: 

Date Sampled: 
Date Received: 

J009-Golder Associates 
Monsanto Round 7 
913-1101.603 
11/09/94 
11/21/94 

333 Ninth Ave. North 
Seattle, WA 98109-5187 
(206) 621-6490 
(206) 621-7523 (FAX) 

Analyte 
Analysis 
Date Method 

Dilution 
Factor RL Units Result 3^ 

Soil pH 11/23/94 EPA 150.1 
SM 4500 H 

std units ,.3 J" 

Total Solids 11/22/94 EPA 160.3 
SM 2540 B 

0.01 Percent 57.9 

Total Organic Carbon @104C 12/05/94 Plumb,1981 0.02 Percent 3.1 

pH determined on 1:1 soil:D.I. water extracts. 

7>// 

RL Analytical reporting limit 
U Undetected at reported detection limit 

Report for J009 received 11/21/94 



Final Report 
Laboratory Analysis of Conventional Parameters 

Lab Sample ID: J009BH 
LIMS ID: 94-19667 
Matrix: Sediment 
Data Release Authorized: 
Reported: 12/09/94 

Sample No: M94AR020 

QC Report No: J009-Golder Associates 
Project: Monsanto Round 7 

913-1101.603 
Date Sampled: 11/09/94 
Date Received: 11/21/94 

ANALYTICAL 
RESOURCES 
INCORPORATED 

Analytical 
Chemists & 
Consultants 

333 Ninth Ave. North 
Seattle. WA9S109-5187 
(206) 621-6490 
(206) 621-7523 (FAX) 

Analyte 
Analysis 
Date Method 

Dilution 
Factor RL Units Result 

Soil pH 

Total Solids 

11/23/94 EPA 150.1 
SM 4500 H 

11/22/94 EPA 160.3 
SM 2540 B 

std units 

0.01 Percent 

7.4 

55.7 

Total Organic Carbon @104C 12/05/94 Plumb,1981 0.02 Percent 2.3 

pH determined on 1:1 soil:D.I. water extracts. 

RL Analytical reporting limit 
U Undetected at reported detection limit 

Report for J009 received 11/21/94 



Final Report 
Laboratory Analysis of Conventional Parameters 

ANALYTICAL 
RESOURCES 
INCORPORATED 

Analytical 

Chemists & 

Consultants 

Sample No: M94AR021 

Lab Sample ID: J009BI 
LIMS ID: 94-19668 
Matrix: Sediment « 
Data Release Authorized:. 
Reported: 12/09/94 

QC Report No: 
Project: 

Date Sampled: 
Date Received: 

JC09-Golder Associates 
Monsanto Round 7 
913-1101.603 
11/09/94. 
11/21/94 

333 Ninth Ave. North 
Seattle, WA 98109-515 
(206)621-6490 
(206) 621-7523 (FAX) 

Analyte 
Analysis 
Date Method 

Dilution 
Factor RL Units Result £ 

Soil pH 11/23/94 EPA 150.1 
SM 4500 H 

std units f.2 O 

Total Solids 11/22/94 EPA 160.3 
SM 2540 B 

0.01 Percent 55.8 

Total Organic Carbon @104C 12/05/94 Plumb,1981 0.02 Percent 1.7 

pH determined on 1:1 soil:D.I. water extracts. 

/A •J, 

Analytical reporting limit 
Undetected at reported detection limit 

RL 
U 

Report for J009 received 11/21/94 



Final Report 
Laboratory Analysis of Conventional Parameters 

ANALYTICAL 
RESOURCES 
INCORPORATED 

Analytical 
Chemists & 
Consultants 

Lab Sample ID: J009BJ 
LIMS ID: 94-19669 
Matrix: Sediment « 
Data Release Authorized: yVVJJ^ 
Reported: 12/09/94 )1̂  

Sample No: M94AR022 

QC Report No: J009-Golder Associates 
Project: Monsanto Round 7 

913-1101.603 
Date Sampled: 11/09/94 
Date Received: 11/21/94 

333 Ninth Ave. North 
Seattle, WA 98109-5187 
(206)621-6490 
(206) 621-7523 (FAX) 

Analyte 
Analysis 
Date Method 

Dilution 
Factor RL Units Result. 

0. 

Soil pH 11/23/94 EPA 150.1 
SM 4500 H 

std units 7.4 -3 

Total Solids 11/22/94 EPA 160.3 
SM 2540 B 

0.01 Percent 59.4 

Total Organic Carbon @104C 12/05/94 Plumb,1981 0.02 Percent 6.3 

pH determined on 1:1 soil:D.I. water extracts. 

RL Analytical reporting limit 
U Undetected at reported detection limit 

Report for J009 received 11/21/94 



Final Report 
Laboratory Analysis of Conventional Parameters 

Lab Sample ID: J0093K 
LIMS ID: 94-19670 
Matrix: Sediment 
Data Release Authorized:! _ 
Reported: 12/09/94 

Sample No: M94AR023 

QC Report No: J009-Golder Associates 
Project: Monsanto Round 7 

913-1101.603 
Date Sampled: 11/09/94 
Date Received: 11/21/94 

ANALYTICAL 
RESOURCES 
INCORPORATED 

Analytical 

Chemists & 
Consultants 

333 Ninth Ave. North 
Seattle, WA 98109-5187 
(206) 621-6490 
(206) 621-7523 (FAX) 

Analyte 
Analysis 
Date Method 

Dilution 
Factor RL Units Result % 

Soil pH 11/23/94 EPA 150.1 
SM 4500 H 

std units 7.2 3 

Total Solids 11/22/94 EPA 160.3 
SM 2540 B 

0.01 Percent 55.5 

Total Organic Carbon @104C 12/05/94 Plumb,1981 0.02 Percent 2 . 6  

pH determined on 1:1 soil:D.I. water extracts. 

Analytical reporting limit 
Undetected at reported detection limit 

RL 
U 

Report for J009 received 11/21/94 



Final Report 
Laboratory Analysis of Conventional Parameters 

ANALYTICAL 
RESOURCES 
INCORPORATED 

Analytical 
Chemists & 
Consultants 

Lab Sample ID: J009BL 
LIMS ID: 94-19671 
Matrix: Sediment 
Data Release Authorized 
Reported: 12/09/94 

Sample No: M94AR024 

QC Report No: J009-Golder Associates 
Project: Monsanto Round 7 

913-1101.603 
Date Sampled: 11/09/94 
Date Received: 11/21/94 

333 Ninth Ave. North 

Seattle, WA96109-5187 

(206) 621-6490 
(206) 621-7523 (FAX) 

Analyte 
Analysis 
Date Method 

Dilution 
Factor RL Units Result 

Soil pH 11/23/94 EPA 150.1 
SM 4500 H 

std units 7.2 

Total Solids 11/22/94 EPA 160.3 
SM 2540 B 

0.01 Percent 54 .6 

Total Organic Carbon @104C 12/05/94 Plumb,1981 0.02 Percent 4.0 

pH determined on 1:1 soil:D.I. water extracts. 

RL Analytical reporting limit 
U Undetected at reported detection limit 

Report for J009 received 11/21/94 



Final Report 
Laboratory Analysis of Conventional Parameters 

ANALYTICAL 
RESOURCES 
INCORPORATED 

Analytical 
Chemists & 
Consultants 

Lab Sample ID: J009BM 
LIMS ID: 94-19672 
Matrix: Sediment 
Data Release Authorized: 
Reported: 12/09/94 

Sample No: M94AR025 

QC Report No: J009-Golder Associates 
Project: Monsanto Round 7 

913-1101.603 
Date Sampled: 11/10/94 
Date Received: 11/21/94 

333 Ninth Ave. North 
Seattle, WA 98109-518 
(206) 621-6490 
(206) 621-7523 (FAX) 

Analyte 
Analysis 
Date Method 

Dilution 
Factor RL Units Result 5^ 

Soil pH 11/23/94 EPA 150.1 
SM 4500 H 

std units 7.0 J 

Total Solids 11/22/94 EPA 160.3 
SM 2540 B 

0.01 Percent 43 .8 

Total Organic Carbon @104C 12/05/94 Plumb,1981 0.02 Percent 4.8 

pH determined on 1:1 soil:D.I. water extracts. 

RL Analytical reporting limit 
U Undetected at reported detection limit 

Report for JO09 received 11/21/94 



Final Report 
Laboratory Analysis of Conventional Parameters 

ANALYTICAL 
RESOURCES 
INCORPORATED 

Analytical 
Chemists & 
Consultants 

Lab Sample ID: J009BN 
LIMS ID: 94-19673 
Matrix: Sediment 
Data Release Authorized••ffsQP 
Reported: 12/09/94 

Sample No: M94AR026 

QC Report No: 
Project: 

Date Sampled: 
Date Received: 

J009-Golder Associates 
Monsanto Round 7 
913-1101.603 
11/10/94 
11/21/94 

333 Ninth Ave. North 
Seattle, WA 98109-5187 
(206) 621-6490 
(206) 621-7523 (FAX) 

Analyte 
Analysis Dilution 
Date Method Factor RL Units Result 3> 

Soil pH 11/23/94 EPA 150.1 
SM 4500 H 

std units 7.2 O 

Total Solids 11/22/94 EPA 160.3 
SM 2540 B 

0.01 Percent 42.8 

Total Organic Carbon @104C 12/05/94 Plumb,1981 0.02 Percent 4.0 

pH determined on 1:1 soil:D.I. water extracts. 

Analytical reporting limit 
Undetected at reported detection limit 

RL 
U 

Report for J009 received 11/21/94 



Final Report 
Laboratory Analysis of Conventional Parameters 

Lab Sample ID: J009BO 
LIMS ID: 94-19S74 
Matrix: Sediment 
Data Release Authorized:fy^y 
Reported: 12/09/94 

Sample Ho: M94AR027 

QC Report No: J009-Golder Associates 
Project: Monsanto Round 7 

913-1101.603 
Date Sampled: 11/10/94 
Date Received: 11/21/94 

ANALYTICAL 
RESOURCES 
INCORPORATED 

Analytical 
Chemists & 
Consultants 

333 Ninth Ave. North 
Seattle, WA 98109-5167 
(206) 621-6490 
(206) 621-7523 (FAX) 

Analyte 
Analysis 
Date Method 

Dilution 
Factor RL Units Result 

Soil pH 11/23/94 EPA 150.1 
SM 4500 H 

std units 7.1 J 

Total Solids 11/22/94 EPA 160.3 
SM 2540 B 

0.01 Percent 36.5 

Total Organic Carbon O104C 12/05/94 Plumb,1981 0 . 0 2  Percent 4.4 

pH determined on 1:1 soil:D.I. water extracts. 

RL Analytical reporting limit 
U Undetected at reported detection limit 

Report for J009 received 11/21/94 



Final Report 
Laboratory Analysis of Conventional Parameters 

Lab Sample ID: J009BP 

LIMS ID: 94-19S75 

Matrix: Sediment n 
Data Release Authorized:]'VVJ-j 
Reported: 12/09/94 \1/̂  

Sample No: M94AR028 

QC Report No: J009-Golder Associates 
Project: Monsanto Round 7 

913-1101.503 
Date Sampled: 11/10/94 
Date Received: 11/21/94 

ANALYTICAL 
RESOURCES 
INCORPORATED 

Analytical 

Chemists & 

Consultants 

333 Ninth Ave. North 
Seattle, WA 98109-51 
(206) 621-6490 
(206) 621-7523 (FAX) 

Analyte 
Analysis 
Date Method 

Dilution 
Factor RL Units Result 

Soil pH 11/23/94 EPA 150.1 
SM 4500 H 

std units 7.1 J 

Total Solids 11/22/94 EPA 160.3 
SM 2540 B 

0.01 Percent 49.9 

Total Organic Carbon 0104C 12/05/94 Plumb,1981 0.02 Percent 3.3 

pH determined on 1:1 soil:D.I. water extracts. 

i/i>h 

Analytical reporting limit 
Undetected at reported detection limit 

RL 
U 

Report for J009 received 11/21/94 



Final Report 
Laboratory Analysis of Conventional Parameters 

ANALYTICAL 
RESOURCES 
INCORPORATED 

Analytical 

Chemists & 

Consultants 

Sample No: M94AR029 

Lab Sample ID: J009BQ 
LIMS ID: 94-19676 
Matrix: Sediment 
Data Release Authorized 
Reported: 12/09/94 

QC Report No: 
Project: 

Date Sampled: 
Date Received: 

J009-Golder Associates 
Monsanto Round 7 
913-1101.603 
11/10/94 
11/21/94 

333 Ninth Ave. North 
Seattle, WA 98109-5187 
(206) 621-6490 
(206) 621-7523 (FAX) 

Analyte 
Analysis Dilution 
Date Method Factor RL Units Result 2-

Soil pH 11/23/94 EPA 150.1 
SM 4500 H 

std units 7.2 -> 

Total Solids 11/22/94 EPA 160.3 
SM 2540 B 

0.01 Percent 48.2 

Total Organic Carbon O104C 12/05/94 Plumb,1981 0.02 Percent 4.7 

pH determined on 1:1 soil:D.I. water extracts. 

RL Analytical reporting limit 
U Undetected at reported detection limit 

Report for J009 received 11/21/94 



Final Report 
Laboratory Analysis of Conventional Parameters 

ANALYTICAL 
RESOURCES 
INCORPORATED 

Analytical 

Chemists & 

Consultants 

Lab Sample ID: J009BR 
LIMS ID: 94-19677 
Matrix: Sediment 
Data Release Authorized: 
Reported: 12/09/94 yl 

Sample No: M94AR031 

QC Report No: 
Project: 

Date Sampled: 
Date Received: 

J009-Golder Associates 
Monsanto Round 7 
913-1101.603 
11/10/94 
11/21/94 

333 Ninth Ave. North 
Seattle, WA 98109-5187 
(206)621-6490 
(206) 621-7523 (FAX) 

Analyte 
Analysis 
Date Method 

Dilution 
Factor RL Units Result 

Soil pH 11/23/94 EPA 150.1 
SM 4500 H 

std units M rT 

Total Solids 11/22/94 EPA 160.3 
SM 2540 B 

0.01 Percent 40.2 

Total Organic Carbon S104C 12/05/94 Plumb,1981 0.02 Percent 5.0 

pH determined on 1:1 soil:D.I. water extracts. 

>// 

RL Analytical reporting limit 
U Undetected at reported detection limit 

Report for J009 received 11/21/94 



ATTACHMENT 3 

DATA VALIDATION SUPPORTING DOCUMENTATION 



INORGANIC DATA VALIDATION SUMMARY °h ̂  " f (Oh h C' 

PROJECT: c / f 3  - / / D /. (• I D  SITE .  /f *>C£*h~CJ «—ch/) <C c, 

LABORATORY: / t/{ SDG: JOO^ 
SAMPLES/MATRIX/ANALYSES: 70 mcsiJr- / 

Cc £{Xsr\ n Vc_. 
\ 

/ 

1 1 s
 y • •• 

DATA ASSESSMENT SUMMARY 

REVIEU ITEM I CP AA HG CYANIDE OTHER 

1. Data completeness o ft o 
2. Holding Times ft ft 

3. Calibration ft> ft (ft) 

4. BIanks ft ft <2> 
5. ICS aJA /JA /J/t 

6. LCS o a ft 
7. Duplicate RPD 0> 0 o 

8. Spike Recovery ft a CD 

9. MSA K 
/ 

10. Other QC e> ft c> 

11. Field Duplicates 0 ft ft 
12. Result Verification CO X ft 
13. Overall Assessment & o 

0 = Data had no problems/or qualified due to minor problems. 
M = Data qualified due to major problems. 
Z = Data unacceptable. 
X = Problems but do not affect data. 

Comments/Qualified Results: C dMat/ibide* 
..e. 7T T7 



INORGANIC DATA VALIDATION SUMMARY 

Acceptable 
Yes No 

1. Data package completeness (check if present) 

l^Chain of custody 
ample Results 

^"jCV/CCV Results 
• Blank Results 

ICP Interference Check Results 
^ Spike Recovery Results 

*• duplicate Results 
_LCS Results 

Standard Addition Results 
ICP Serial Dilution 

Comments/Qualified Results:. 

• Instrument Det. Limits 
ICP Correction Factors 
ICP Linear Ranges 
Preparation Logs 

•- ^Analysis Run Logs 
f^EP'Raw Data 
^GFAA Raw Data 

Hg Raw Data 
Cyanide 
3, Other 

u Data j j 

2. Holding times (check all that apply) 

j/^tGFAA metals completed in < 6 mos from collection 
Mercury analyzed in < 28 days from collection 
Cyanide completed in 14 days from collection 

Comments/Qualified Results: j&J? 

3. Calibrations (check all that apply) 

_w_ICV/CCV %R for ICP/AA, 90%-110%, results acceptable 
,^_1CV/CCV %R for ICP/AA, 75%-89% or 111%-125%, results estimated (J/UJ) 

ICV/CCV %R for ICP/AA, <75% or >125%, reject positive results (R) 
ICV/CCV %R 80-120 for Hg, results acceptable 
ICV/CCV %R for Hg, 65%-79% or 121%-135%, results estimated (J/UJ) 
ICV/CCV %R for Hg, <65% or > 135%, reject positive results (R) 

___ICV/CCV %R 85-115 for Cyanide, results acceptable 
ICV/CCV %R 70-84% or 116-130%, results estimated (J/UJ) 

_^ICV/CCV %R <70% or >130%, reject positive results (R) 

Comments/Qualified Results: 



INORGANIC DATA VALIDATION SUMMARY 

Acceptable 
Yes No 

4. Blanks (check all that apply) 

Detects reported in ICB/CCB, list: 

Detects in preparation blanks, list: 

t^Detects in field blanks, list: 

Qualify as undetected (U) all sample concentrations :s5X any associated blank 
concentrations. 

Comments/Qualified Results: /A t ^ 

e I'oX/i A S-cluVyy cLaAf^'irv^ fu £ cP S -fi:e-\A 

cl|[L-V- fWr*r ftA <Ltx * f&s k- 4tui£f- (V-calk, ^ -l4\urc cWteeft;-L 

5. Interference Checks (check all that apply) ^ 

ICS A/B Recoveries Acceptable 
Al, Ca. Fe. Mg sample concentrations > ICS concentrations 
ICS %R >120%, results >IDL estimated (J) 
ICS %R 50-79%, results > IDL estimated (J) 
ICS %R 50-79%, results <IDL estimated (UJ) 
ICS %R <50%, results > IDL and < IDL rejected (R/UR) 

Comments/Qualified Results: 

6. Laboratory Control Samples (check all that apply) 

MlCS%R 80-120 
LCS %R 50-79% or >120%, results >IDL estimated (J) 

__LCS %R 50-79% and results <IDL estimated (UJ) 
LCS %R <50% and all results rejected (R/UR) 

Comments/Qualified Results: 

3 



INORGANIC DATA VALIDATION SUMMARY 

Acceptable 
Yes No 

7. Duplicate (check all that apply) . . . .  

J^DupNcate RPD £20% for waters (£35% for soils) for results >5X CRDL 
Duplicate range is within ±CRDL (±2xCRDL for soils) for results <5X CRDL 

CommentsyQualified Results: A/A 

/(I* . / 

8. Spike Recovery (check all that apply) |X 

l/Spike \f Spike %R with 75-125% 
Spike %R 30-74%, > 125%, results > IDL estimated (J) 
Spike %R 30-74% results <IDL estimated (UJ) 
Spike %R <30%, results <IDL rejected (UR) 
Field blank used for spike analysis 

Comments/Qualified Results:  /I// % /s 

9. GFAA Performance 

t̂ Dupfioate injection RSD <20% 
_D}jplicate injection RSD >20%, results >CRDL estimated (J| 
^Analytical spike %R 85-115% 
^Analytical spike %R 40-85%, results >IDL estimated (J) 

Anlaytieal spike %R 10-40%, results <IDL estimated (UJ) 
^Analytical spike %R <10%. results <IDL rejected (R| 

Comments/Qualified Results: "Z/* 

fib' SJ)t2̂  44M ZsjotpLzz \ rrlfflXLoZQ Miysojozl* 

7C . ' J 1 1 1 * \f i  Hj ^ 1 *— 

W v  " \ W s e - — — C V t e  i / J t i V V e^ oX ^4 VtvKnjQfc^^. ZT1 

4 



INORGANIC DATA VALIDATION SUMMARY 

Acceptable 
Yes No 

10. Other QC 

Comments/Qua! if ied Resul ts:  &»//2 /f?4S&&DL /I 'M<5rt.e>JZ& 

Z-doZ'rf sJeMe. 4a Z^^sA /jL 

/7s»î 6*r/yû _ /X'CCcj'k' / ?  d44/lS)yL>~dr Wl<L̂  

P -̂y /" ; &r/4ie*)><rk-, -Mr )&~h ryrtJos-r-j du p /do 

Qjf f-p.W'fe.-. Ŵ -fc- \)<2r4̂ r-̂  e-C-Vfĉ lo ^WA^, faj) IrV^</ ?2tun L- iiu'm^— / 
UVcA—6r£—r—"Aril 'in -r ir nv- AJo ^uoJ* AVct^/<rf' pfc-e- ~Uâ  Au>$e 

11. Field Duplicates 

Jeld duplicate RPD £20% (£35% for soils) 

Comments/Qualified Results:  7/g, <Lfstnflh /<cd>r£ f,y? 

J-le )J cL,/> 1 / rfW.UL 

**J jffJsCWSl / JtM&Jsf* rlt̂  tijrl //# «M 

rttsf <#U /ir, 2**̂  f 

frc /̂stu, Uo/***-, 0jLc.~- /K& oLdt /J&4, 

12. Result  Verification 

All results supported in raw data 

Comments/Qualified Results:^//  /<)^^ £fa4M*t/JLd xSl JUL 

fiitJ dedr*- As/%W Se-Sj/C/k /̂ yid-rĴ dL 

4br stffj&rf* *uA /nfi/ULasTL „ ŷ L £*> dJ*-
Z/i em*>r~ S/JlTP̂  ̂ /* , 

-dikki S2l4*-j/ Jc& . ZeA/c /4<. /Ĵ o, /Y&fraJiA&d- /&?d frhdtA, 

13. Overall Assessment 

Comments/Qupl i  f i  ed Results:  ~~2)qJ& 6̂ 4 

J&- </&S 

5 



Sediment Samples 

M94SC001 M94SC028 M94SC046 M94SC067 M94AR016 

M94SC002 M94SC029 M94SC049 M94AR001 M94AR017 

M94SC003 M94SC030** M94SC050 M94AR002 M94AR019 

M94SC005 M94SC033 M94SC051 M94AR003 M94AR020 

M94SC006*"* M94SC034 M94SC052 M94AR004 M94AR021 

M94SC007 M94SC035*2 M94SC053*3 M94AR005 M94AR022 

M94SC019 M94SCQ36*2 M94SC054*3 M94AR006 M94AR023 

M94SC020 M94SC038 M94SC057 M94AR007 M94AR024 

M94SC021 M94SC039 M94SC058 M94AR009 M94AR025 

M94SC022*1 M94SC040 M94SC059** M94AR011 M94AR026 

M94SC023*1 M94SO041 M94SC063 M94AR012 M94AR027 

M94SC024 M94SC042 M94SC064 M94AR013 M94AR028 

M94SC026 M94SC044 M94SC065 M94AR014 M94AR029 

M94SC027 M94SC045 M94SC066 M94AR015 M94AR031 

*X Held duplicate samples. 

** A field split sample was collected and sent to TCT-St Louis for analysis. 

Water Samples (All water samples are equipment blanks.) 

M94SC048 

M94SO056 

M94SC062 



Sediment/Surface Water Splits 

Laboratory ARI TCT-St. Louis 
Sample ID M94SC006 M94SC009 

mg/kg mg/kg AW 

Arsenic 69 38.0 J 
Cadmium 35.4 31.3 A?,3 

Copper 11 13.2 
Molybdenum 2 U 0.1 U <— 

Nickel 43 43.6 id 

Selenium 5 4.9 
Silver 0.39 NA _ . /S 
Vanadium 67.1 54.9 £0.0 

mg/kg* mg/kg* 

Percent Solids 40.46 40.1 9* 

PH 7 6.52 7-f 

Total Organic Carbon 36,000 54,910 ^ 

Units for pH are in standard units (SU) and units for percent solids are percent 

NA = Not analyzed. 



Sediment/Surface Water Splits 

Laboratory ARI TCT-St. Louis 
Sample ID M94SC030 M94SC031 

mg/kg mg/kg 

Arsenic 18 8.8 J 
Cadmium 14.1 15.80 
Copper 9.7 9.8 
Molybdenum 1 U 0.55 U 
Nickel 42 35.9 
Selenium 11 16.4 
Silver 0.1 NA 
Vanadium 62.1 38.5 

mg/kg* mg/kg* 

Percent Solids 47.65 40.8 
PH 6.8 6.49 
Total Organic Carbon 29,000 655,600 

//5> 

(p £ • ? 

/ / . 4  
,.e 

/~f'l 

d/hl 

/S-  ̂
4,7 

/ $ 3 - f  

Units for pH are in standard units (SU) and units for percent solids are percent 

NA = Not analyzed. 



Sediment/Surface Water Splits 

Laboratory ARI TCT-St. Louis 
Sample ID M94SC059 M94SC060 

mg/kg mg/kg 

Arsenic 6.4 1.5 U 
Cadmium 2.9 0.66 UJ 
Copper 8.4 8.2 
Molybdenum 1 U 0.19 U 
Nickel 24 19.3 
Selenium 3 2.3 U 
Silver 0.09 NA 
Vanadium 65.7 43.3 

mg/kg* mg/kg* 

Percent Solids 25.33 26.2 
pH 6.9 6.55 
Total Organic Carbon 50,000 93,000 

Units for pH are in standard units (SU) and units for percent solids are percent 

NA = Not analyzed. 



MEMORANDUM 

TO: Monsanto Chemical Company November 7, 1995 

FR: Heidi Gregerson, Golder Associates Inc. 

RE: DATA VALIDATION SUMMARY (913-1101.603) 

INTRODUCTION 

This memo presents the results of data validation on the data package prepared by 
Analytical Resources Incorporated. Sample information is provided in the following 
table. 

SAMPLE ID COMMENTS ANALYSIS MEDIA 

M94SC009 SPLIT INORGANICS SEDIMENT 
M94SC031 SPLIT AND SEDIMENT 
M94SC060 SPLIT CHEMISTRY SEDIMENT 

Attachments 1 through 3 provide the following information as indicated below: 

Attachment 1. Glossary of Data Reporting Qualifiers 
Attachment 2. Annotated Laboratory Reports 
Attachment 3. Data Validation Supporting Documentation 

DATA QUALITY OBJECTIVES 

This section presents a summary of the data quality in terms of the referenced validation 
criteria. 

Precision. Goals for precision were met. 

Accuracy. Goals for accuracy were met, with the exception of those deficiencies listed 
below. 

Completeness. The data package was complete for all requested analyses. A total of 3 
samples were validated in this data package with a total of 30 determinations reported, 
all of which were deemed valid. 

Holding Time. No minor deficiencies were identified based on analytical holding times 
requiring qualification of data. 

Detection Limits. Detection limits goals were met for all sample results. 

Major Deficiencies. No major deficiencies were identified which required the 
qualification of data as unusable. 



Minor Deficiencies. The following minor deficiencies were identified which required the 
qualification of data: 

Matrix Spike 

• The matrix spike percent recovery for arsenic and cadmium were outside the 
control limit and associated samples were qualified. Attachments 2 and 3 
provide the data qualified and supporting documentation. 

Blanks 

• Cadmium and molybdenum were detected in the ICB/CCB .and associated 
samples were qualified. Attachments 2 and 3 provide the data qualified and 
supporting documentation. 

Field QC 

• Samples M94SC009, M94SC031, and M94SC060 were identified as splits 
samples of M94SC006, M94SC030, and M94SC059, respectively. Attachment 3 
provides a summary of the evaluated RPDs, however, qualification is not 
required for field QC. 



ATTACHMENT 1 

GLOSSARY OF DATA QUALIFIERS 



Glossary of Inorganic Data Reporting Qualifiers. 

B - Indicates the constituent was analyzed for and detected. The concentration reported 
is less than the contract required detection limit (CRDL) but greater than the 
instrument detection limit (IDL). The associated data should be considered usable for 
decision making purposes. 

U - Indicates the constituent was analyzed for and not detected. The concentration 
reported is the sample detection limit corrected for aliquot size, dilution and percent 
solids (in the case of solid matrices) by the laboratory. The associated data should be 
considered usable for decision making purposes. 

UJ - Indicates the constituent was analyzed for and not detected. Due to a minor quality 
control deficiency identified during data validation the concentration may not 
accurately reflect the sample detection limit. The associated data have been qualified 
as estimated but should be considered usable for decision making purposes. 

BJ - Indicates the constituent was analyzed for and detected at a concentration less than 
the contract required detection limit (CRDL) but greater than the instrument detection 
limit (IDL). Due to a minor quality control deficiency identified during data validation 
the associated data have been qualified as estimated, but should be considered usable 
for decision making purposes. 

J - Indicates the constituent was analyzed for and detected. Due to a minor quality 
control deficiency identified during data validation the associated data have been 
qualified as estimated, but should be considered usable for decision making purposes. 

UR - Indicates the constituent was analyzed for and not detected. Due to a major quality 
control deficiency identified during data validation, the associated data have been 
qualified as unusable for decision making purposes. 

R - Indicates the constituent was analyzed for and detected. Due to a major quality 
control deficiency identified during data validation, the associated data have been 
qualified as unusable for decision making purposes. 



ATTACHMENT 2 

ANNOTATED LABORATORY REPORTS 



ENVIROFORMS/INORGANIC CLP 
SAMPLE NO. 

ftU.ilyn - c cfj 
INORGANIC ANALYSIS DATA SHEET 

Lab Name: TCT St. Louis Contract: SODA_SPG 

Lab Code: TCT Case No.: SAS No.: SDG No.: SCC 2C 

Matrix (soil/water): SOIL Lab Sample ID: 94007101 

Level (low/med): LOW Date Received: 11/18/94 

% Solids: 40.1 

Concentration Units (ug/L or mg/kg dry weight): MG/KG 

Color Before: BROWN 

Color After: YELLOW 

Clarity Before: 

Clarity After: 

CAS NO. Analyte Concentration C Q M 

7429-90-5 Aluminum NR 
7440-36-0 Antimony NR 
7440-38-2 Arsenic 38. 0 -NS— F 
7440-39-3 Barium NR 
7440-41-7 Beryllium NR 
7440-43-9 Cadmium 31.3 -N- P 
7440-70-2 Calcium NR 
7440-47-3 Chromium NR 
7440-48-4 Cobalt NR 
7440-50-8 Copper 13.2 P 
7439-89-6 Iron NR 
7439-92-1 Lead NR 
7439-95-4 Magnesium NR 
7439-96-5 Manganese NR 
7439-97-6 Mercury NR 
7440-02-0 Nickel 43.6 P 
7440-09-7 Potassium NR 
7782-49-2 Selenium 4.9 y P 
7440-22-4 Silver 0.37 U P 
7440-23-5 Sodium NR 
7440-28-0 Thallium NR 
7440-62-2 Vanadium 54.9 P 
7440-66-6 Zinc NR 

Cyanide NR 
7439-93-2 Lithium NR 
7439-98-7 Molybdenum 0.12 U P 
7740-24-6 Strontium NR 

J 

T-

*< 
4 ft 4»r 

Texture: MEDIUM 

CLEAR Artifacts: NO 

Comments: 

FORM I - IN 



ENVIROFORMS/INORGANIC CLP 

SAMPLE NO. 
±C. - c >! 

SC 4C 
INORGANIC ANALYSIS DATA SHEET 

Lab Name: TCT St. Louis Contract: SODA SPG 

Lab Code: TCT Case No.: SAS No.: SDG No.: SCC 2C 

Matrix (soil/water): SOIL Lab Sample ID: 94007102 

Level (low/med): LOW Date Received: 11/18/94 

% Solids: 40.8 

Concentration Units (ug/L or mg/kg dry weight): MG/KG 

CAS NO. Analyte Concentration C Q M 

7429-90-5 Aluminum NR 
7440-36-0 Antimony NR 
7440-38-2 Arsenic 8.8 -N— F 
7440-39-3 Barium NR 
7440-41-7 Beryllium NR 
7440-43-9 Cadmium 15.8 N— P 
7440-70-2 Calcium NR 
7440-47-3 Chromium NR 
7440-48-4 Cobalt NR 
7440-50-8 Copper 9.8 P 
7439-89-6 Iron NR 
7439-92-1 Lead NR 
7439-95-4 Magnesium NR 
7439-96-5 Manganese NR 
7439-97-6 Mercury NR 
7440-02-0 Nickel 35.9 P 
7440-09-7 Potassium NR 
7782-49-2 Selenium 16.4 X' p i 
7440-22-4 Silver 0.37 u p 
7440-23-5 Sodium NR 
7440-28-0 Thallium NR 
7440-62-2 Vanadium 38.5 P 
7440-66-6 Zinc NR 

Cyanide NR 
7439-93-2 Lithium NR 
7439-98-7 Molybdenum 0.55 P 
7740-24-6 Strontium NR 

Color Before: BROWN 

Color After: YELLOW 

Comments: 

Clarity Before: 

Clarity After: CLEAR 

u. 

Texture: MEDIUM 

Artifacts: NO 

FORM I - IN 



ENVIROFORMS/INORGANIC CLP 
SAMPLE NO. 

- i /ri 

INORGANIC ANALYSIS DATA SHEET 

Lab Name: TCT St. Louis Contract: SODA_SPG 

Lab Code: TCT Case No.: SAS No.: SDG No.: SCC_2C 

Matrix (soil/water): SOIL Lab Sample ID: 94007103 

Level (low/med): LOW Date Received: 11/18/94 

% Solids: 26.2 

Concentration Units (ug/L or mg/kg dry weight): MG/KG 

Color Before: BROWN 

Color After: YELLOW 

Clarity Before: 

Clarity After: 

CAS No. Analyte Concentration 

1 
1 

IQ
I 

1 
1 

O
 

1 

Q M 

7429-90-5 Aluminum 

1 
1 

IQ
I 

1 
1 

O
 

1 

NR 
7440-36-0 Antimony 

1 
1 

IQ
I 

1 
1 

O
 

1 

NR 
7440-38-2 Arsenic 1.5 

1 
1 

IQ
I 

1 
1 

O
 

1 

F 
7440-39-3 Barium 

1 
1 

IQ
I 

1 
1 

O
 

1 

NR 
7440-41-7 Beryllium 1 

1 
IQ
I 

1 
1 

O
 

1 

NR 
P 
NR 
NR 
NR 
P 

7440-43-9 Cadmium 0. 66 B-

U 
U 

U 

-N— 
NR 
P 
NR 
NR 
NR 
P 

7440-70-2 Calcium 
B-

U 
U 

U 

NR 
P 
NR 
NR 
NR 
P 

7440-47-3 Chromium 

B-

U 
U 

U 

NR 
P 
NR 
NR 
NR 
P 

7440-48-4 Cobalt 

B-

U 
U 

U 

NR 
P 
NR 
NR 
NR 
P 7440-50-8 Copper 8.2 

B-

U 
U 

U 

NR 
P 
NR 
NR 
NR 
P 

7439-89-6 Iron 

B-

U 
U 

U 

NR 
NR 
NR 
NR 
NR 
P 
NR 
P 
P 

7439-92-1 Lead 

B-

U 
U 

U 

NR 
NR 
NR 
NR 
NR 
P 
NR 
P 
P 

7439-95-4 Magnesium 

B-

U 
U 

U 

NR 
NR 
NR 
NR 
NR 
P 
NR 
P 
P 

7439-96-5 Manganese 

B-

U 
U 

U 

NR 
NR 
NR 
NR 
NR 
P 
NR 
P 
P 

7439-97-6 Mercury 

B-

U 
U 

U 

NR 
NR 
NR 
NR 
NR 
P 
NR 
P 
P 

7440-02-0 Nickel 19.3 

B-

U 
U 

U 

NR 
NR 
NR 
NR 
NR 
P 
NR 
P 
P 

7440-09-7 Potassium 

B-

U 
U 

U 

NR 
NR 
NR 
NR 
NR 
P 
NR 
P 
P 

7782-49-2 Selenium 2.3 

B-

U 
U 

U 

NR 
NR 
NR 
NR 
NR 
P 
NR 
P 
P 7440-22-4 Silver 0.57 

B-

U 
U 

U 

NR 
NR 
NR 
NR 
NR 
P 
NR 
P 
P 

7440-23-5 Sodium 

B-

U 
U 

U 

NR 
7440-28-0 Thallium 

B-

U 
U 

U 

NR 
7440-62-2 Vanadium 43.3 

B-

U 
U 

U 

P 
7440-66-6 Zinc 

B-

U 
U 

U 

NR 
Cyanide 

B-

U 
U 

U 

NR 
7439-93-2 Lithium 

B-

U 
U 

U 
NR 

7439-98-7 Molybdenum 0.19 

B-

U 
U 

U P 
7740-24-6 Strontium 

B-

U 
U 

U 
NR 

if 

%l^ 
Texture: MEDIUM 

CLEAR Artifacts: NO 

Comments: 

FORM I - IN 



! (.(J SC -C®ci 

TCT ST.LOUIS 

REPORT OF ANALYSIS 

FOR 

MOMSAMTO/SOOA SPRING 

/'/ V 
CLIENT 10: SC-68 

LAS NO.: 94007101 

CASE: 77 

SOG: SCC-2C 

PARAFCTER RESULT UNITS HETHOO COMMENTS 

TOTAL ORGANIC CARBON 
P« 

54910.0000 

6.5200 

MG/KG 9060 1:10 DILUTION 

UNITS 9045 

vt£ 
/ • 

, ) u  
/ / 



TCT ST.LOUIS 

REPORT OF ANALYSIS 

FOR 

MONSANTO/SODA SPRING 

CLIENT ID: SC-4C CASE: 77 

LAB NO.: 94007102 

SOG: SCC-2C 

PARAMETER RESULT Q UNITS HETHOO COMMENTS 

TOTAL ORGANIC CARBON 655600.0000 MG/KG 9060 1:10 DILUTION 

p« 6.4900 UNITS 9045 

h ! !L • •' / / 



TCT ST.LOUIS 

REPORT OF ANALYSIS 

FOR 

MONSANTO/SOOA SPRING 

pMX-ctc 
CLIENT ID: SCC-EC CASE: 77 

LAS NO.: 94007103 

PARAMETER RESULT 0 UNITS METHOD COMMENTS 

TOTAL ORGANIC CARBON 93000.0000 MG/KG 9060 1:10 DILUTION 

pH 6.5500 UNITS 9045 

" J l  



ATTACHMENT 3 

DATA VALIDATION SUPPORTING DOCUMENTATION 



INORGANIC DATA VALIDATION SUMMARY 
f / S - l  l O l . o o H  

PROJECT: /ftji-v SITE: S.rL .St 

LABORATORY; -T&T- £/. , s SPG: //W/SC&kO 

SAMPLES/MATRIX/ANALYSES: 3 

C /# 

At 9/S<1 &&<? /n*>y SCLo &c> 

/yields. 7~2>CL y/^ 

DATA ASSESSMENT SUMMARY 

REVIEW ITEM I CP AA HG CYANIDE ~JP 

1. Data completeness o 0 • •" 

2. Holding Times & & n 
3. Calibration c o €> 
I*. Blanks o tj 
5. ICS o WA A/4 
6. ICS e> & O 
7. Duplicate RPD c> <o & 
8. Spike Recovery & O <£> 

9. MSA /CJ/AA /&?(] A/A £> A/4 
10. Other OC 0 A N 
11. Field Duplicates a/A A/4 A/4 
12. Result Verification £> & & 
13. Overall Assessment O <D 

0 = Data had no problems/or qualified due to minor problems. 
M = Data qualified due to major problems. 
Z = Data unacceptable. 
X = Problems but do not affect data. 

Comments/Qualified Results: <; 

ci> 
IL c ̂  £>*An f\ )e*> 6*ve 

•J.8-4 

/ _ Jc) y 

4c /4/jT /by 

Validated by: /  

Reviewed by 



INORGANIC DATA VALIDATION SUMMARY 

Acceptable 
Yes No 

1. Data package completeness (check if present) 

.Case narrative Instrument Det. Limits 
J^Chain of custody J^ICP Correction Factors 
^Sample Results MCP Linear Ranges 
t/ ICV/CCV Results ^^Preparation Logs 

.Blank Results I Analysis Run Logs 
^ICP Interference Check Results K'ICP Raw Data 
C^Spike Recovery Results VGFAA Raw Data 
^Duplicate Results Hg Raw Data 
^tCS Results Cyanide Raw Data, 
K<Standard Addition Results Other fl/</ / /t) (Ls 

ICP Serial Dilution J ' 

Comments/Qualified Results: 

2. Holding times (check all that apply) 

J^ICP/GFAA metals completed in <6 mos from collection 
Mercury analyzed in <28 days from collection 
Cyanide completed in 14 days from collection 

Comments/Qualified Results: /?$ Acr/Jj'ty ~h"9vr<?̂ , 

3. Calibrations (check all that apply) .  . . 

J^ICV/CCV %R for ICP/AA, 90%-110%, results acceptable 
ICV/CCV %R for ICP/AA. 75%-89% or 111%-125%. results estimated (J/UJ) 

__ICV/CCV %R for ICP/AA, <75% or >125%, reject positive results (R) 
__ICV/CCV %R 80-120 for Hg, results acceptable 

-__ICV/CCV %R for Hg, 65%-79% or 121 %-135%, results estimated (J/UJ) 
ICV/CCV %R for Hg, <65% or >135%, reject positive results (R) 
ICV/CCV %R 85-115 for Cyanide, results acceptable 

__ICV/CCV %R 70-84% or 116-130%, results estimated (J/UJ) 
JCV/CCV %R <70% or >130%, reject positive results (R) 

Comments/Qualified Results: 



INORGANIC DATA VALIDATION SUMMARY 

Acceptable 
Yes No 

4. Blanks (check all that apply) 

Detects reported in tCB/CCB, listt J /)e<."c C-i > TS>0 /']•, ( 1. 3 a) 
^ Jk* AflkftA IJk LIABIIA taaAl Detects in preparation blanks, list: 

Detects in field blanks, list: 

Qualify as undetected (U) all sample concentrations ^5X any associated blank 
concentrations. 

Comments/Qualified Results:/^ *>/' dz /&*/*:)4c 
(ites />tf><p-Sf6sr'c, , £ct /% fl WSCCLO /, )A < / Psr.A ( jz, 

^ l \_t  Ajo rexi^{4- -ftov /H *?M <>C^O%^ U!>6-<; as 

tuv ^ IX _ 

5. Interference Checks (check all that apply) j /  

_^1CS A/B Recoveries Acceptable 
Al, Ca, Fe, Mg sample concentrationa >ICS concentrations 
ICS %R >120%, results >IDL estimated (J) 
ICS %R 50-79%, results >IDL estimated (J) 
ICS %R 50-79%, results < IDL estimated (UJ| 
ICS %R <50%, results >IDL and <IDL rejected IR/URJ 

Comments/Qualified Results: 

6. Laboratory Control Samples (check all that apply) ^ 

VLCS %R 80-120 
LCS %R 50-79% or >120%, results >IDL estimated (J) 
ICS %R 50-79% and results <IDL estimated (UJ) 
LCS %R <50% end all results rejected (R/UR) 

Comments/Qualified Results: ______ 



INORGANIC DATA VALIDATION SUMMARY 

Acceptable 
Yes No 

7. Duplicate (check all that apply) .  ^ 

Duplicate RPD £20% for waters (£35% for soils) for results >5X CRDL 
Duplicate range is within ±CRDL (±2xCRDL for soils) for results <5X CRDL 

Comments/Qualified Resultsu ^ 

t r ~/ Le—^ 

8. Spike Recovery (check all that apply) 

•Spike %R 30-74%, >125%. results >IDl estimated (J| 
Spike %R with 75-125% 

y""Spik 

^Spike %R 30-74% results <IDL estimated (UJ) 
Spike %R <30%, results <IDL rejected (URJ 
Field blank used for spike analysis 

Comments/Qual i fied Results: , 5/>//*- jW ^ ftltA 

C (.5 :̂1 % faAsAd. -dgyN^nreA IvwRft. Vor g -̂A g^yy o[*9j>r 

V. &e>ytlvt \, \i yOrJnry f?\e~, 

& $ nf \i—J ' £ /i* J*< £ > / ^  >̂ C?-

ft<2S?f JjL &<nL  ̂ /jfJ&y SO&tj/c /,U  ̂

9. GFAA Performance y/ 

^Duplicate injection RSD <20% 
_Djiplicate injection RSD >20%, results >CRDL estimated (J) 
^Analytical spike %R 85-115% / j 
^Analytical spike %R 40-85%. results >IDL estimated (J) ft} Zft aftkn-

Anlayticel spike %R 10-40%, results <IDL estimated (UJ) 
Analytical spike %R <10%, results <IDL rejected (R) 

Comments/Qual if i ed.Resul ts Aft /H54&QO0*? 

L/QoJ-r̂ w tdi c/*A_ ft'(?ft/r**y ej>/. 

4 



INORGANIC DATA VALIDATION SUMMARY 

Acceptable 
Yes No 

10. Other QC 

Comments/Qualified Results: ICJ SJ i %. 

. .Yr /4^ * /sf/?j-C*, PJPDn 

z ^ c / k — f & Y  s ? / A < v£ JfeyrT̂  4tfs> /f/rD< 

^ V^v- rtẐ -rrS>- [//•zZU-<d 

^  d f t V I »  A i s  a r f l '  

11. Field Duplicates 

Field duplicate RPD S20% (S35% for soils) 

Comments/Qualified Results: jJt . /)« )J cL.sl̂ ^Cs &/? 

12. Result Verification 

j^AU^esults supported in raw data 

Comments/Qualified Results: y&essjfJz. Jhfi&dLxJ 

13. Overall Assessment 

Comments/Qua! 1 fled Results:. ~Z^4. ,£< g,^ _ 

di-4L&¥ S* yCĉ /t̂  -/Z-r- M<2sZ_ . V_ 

5 



Sediment/Surface Water Splits 

Laboratory ARI TCT-St. Louis 
Sample ID M94SC017 M94SC018 

/*g/L ^g/L 

Cadmium 0.2 U 0.4 U 
Calcium 90,100 NA 
Magnesium 63,200 NA 
Selenium 1 3 U 
Sodium. 14,600 14,800 

mg/L* mg/L* 

pH 7.0 NA 
Conductivity 900 NA 
Hardness 480 NA 
Total Dissolved Solids 480 NA 

Units for pH are in standard units (SU) and units for conductivity are /rmhos/cm. 

NA = Not analyzed. 



Sediment/Surface Water Splits 

Laboratory ARI TCT-St. Louis 
Sample ID M94SC006 M94SC009 

mg/kg mg/kg 

Arsenic 69 38.0 J 
Cadmium 35.4 31.3 t J ,  5 
Copper 11 13.2 
Molybdenum 2 U 0.1 U — 
Nickel 43 43.6 
Selenium 5 4.9 
Silver 0.39 NA 

c20.£ Vanadium 67.1 54.9 c20.£ 

mg/kg* mg/kg* 

Percent Solids 40.46 40.1 
PH 7 6.52 7 - t  
Total Organic Carbon 36,000 54,910 ///.^ 

Units for pH are in standard units (SU) and units for percent solids are percent. 

NA = Not analyzed. 



Sediment/Surface Water Splits 

Laboratory ARI TCT-St. Louis 
Sample ID M94SC030 M94SC031 

mg/kg mg/kg 

Arsenic 18 8.8 J 
Cadmium 14.1 15.80 
Copper 9.7 9.8 
Molybdenum 1 U 0.55 U 
Nickel 42 35.9 
Selenium 11 16.4 
Silver 0.1 NA 
Vanadium 62.1 38.5 

/rS> 

£p i> • ? 

/ / .* 
J . c  

/~F<7 
2 9 - *  

mg/kg* mg/kg* 

Percent Solids 47.65 40.8 
pH 6.8 6.49 7 
Total Organic Carbon 29,000 655,600 /$$• t 

Units for pH are in standard units (SU) and units for percent solids are percent 

NA = Not analyzed. 



Sediment/Surface Water Splits 

Laboratory 
Sample ID 

Arsenic 
Cadmium 
Copper 
Molybdenum 
Nickel 
Selenium 
Silver 
Vanadium 

ARI 
M94SC059 

mg/kg 

6.4 
2.9 
8.4 

1 
24 
3 

0.09 
65.7 

U 

TCT-St. Louis 
M94SC060 

mg/kg 

NA 

1.5 
0.66 
8.2 

0.19 
19.3 
2.3 

43.3 

U 
UJ 

U 

U 

a. y 

•//./ 

Percent Solids 
PH 
Total Organic Carbon 

mg/kg* 

25.33 
6.9 

50,000 

mg/kg* 

26.2 
6.55 

93,000 

3-4 

&G*\ 

Units for pH are in standard units (SU) and units for percent solids are percent 

NA = Not analyzed. 
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2/15^^ WELL COM^^N INFORMATION 

LOCATION 
STATE PLANE COORDINATES 

NORTHINQ EASTING 

GROUND 
ELEVATION 

(feet) 

WELL CONSTRUCTION 
DATE 

HOLE 
DIAMETER 

(Inches) 

CASINO 
DIAMETER 

(Inches) 

HOLE 
DEPTH 

(feet bgs) 

CASINO 
DEPTH 

(feet bgs) 

CASINO 
MATERIAL 

MONITORED 
INTERVAL 
(feet bgs) 

FORMATION 
MONITORED 

COMMENTS 

PW-01 372453.32 656074.00 "5.986.60 ND ND ND ND ND STEEL open hole UBZ.LBZ 
PW-02 371836.27 656082.36 "5,986.40 ND ND ND ND ND STEEL open hole UBZ.LBZ 
PW-03 371587.10 656086.26 "5.988.60 12-Nov-65 24 20 

16 
255 100 

255 
STEEL open hole UBZ.LBZ 

PW-04 375506.05 655863.68 "5.990.80 12-Aug-88 12 
8 

8 106 
229 

94 PVC 63-72 
105- 229 

UBZ 
LBZ 

TW-01 NO ND ND 6-Mar-75 5 4 300 120 PVC 120 - 300 LBZ ABANDONED 

TW-02 375493.01 655588.76 5.989.00 ND 8 
6.6 

7 75 
260 

75 ND open hole UBZ.LBZ 

TW-03 "369101.00 "654233.00 5.880.30 14-Aug-78 8 4 250 247 PVC 178- 250 LBZ ABANDONED 

TW-04 "369101.00 "654233.00 5.880.10 25-Aug-78 8 4 126 126 PVC 104 - 126 LBZ ABANDONED 

TW-05 "372828.00 "654238.00 5,957.00 28-AU0-78 8 4 221 221 PVC 194-221 LBZ ABANDONED 

TW-06 "372828.00 "654238.00 5,957.10 5-Sop-7B 8 4 126 126 PVC 104- 126 UBZ ABANDONED 

TW-07 369004.33 654371.73 5,884.50 5-Nov-BI 10 
8 

4 34 
60 

60 PVC 40-60 UBZ 

TW-08 369003.99 654360.29 5.884.70 1 -Nov-81 8 4 90 90 PVC 74 - 90 UBZ 
TW-09 368986.08 656682.08 5.883.90 24-Aug-84 8 4 253 251 PVC 236- 251 LBZ 
TW-10 368989.74 654367.10 5,884.40 28-Aug-84 10 

8 
4 21 

27 
24 PVC 19 - 24 UBZ 

TW-11 368986.08 656682.08 5.936.60 13-Sep-84 10 
8 

4 100 
142 

137 PVC 127 - 137 LBZ 

TW-12 369017.37 656681.35 5.937.60 14-Sep-84 10 
8 

4 61 
102 

100 PVC 84 - 102 UBZ 

TW-13 374932.31 658465.83 5.986.40 19-Sep-84 8 4 98 96 PVC 79 -96  SLZ 
TW-14 374949.49 658474.42 5.986.50 19-Sep-84 B 4 24 21 PVC 12 -25  SDZ 
TW-15 374947.60 658454.43 5,986.50 20-Sep-84 8 4 60 60 PVC 48 -60  UBZ 
TW-16 374541.55 654567.41 5,996.90 25-Sep-84 8 4 82 77 PVC 67 -76  UBZ 
TW-17 374539.37 654587.61 5,996.40 24-Sep-84 10 

8 
4 52 

115 
107 PVC 94 -115  UBZ 

TW-18 374520.88 654587.13 5.994.60 29-Sep-84 10 
8 

4 77 
250 

234 PVC 219 - 238 LBZ 

TW-19 368984.85 655519.33 5,891.20 1-Oct-B4 8 4 30 29 PVC 23 - 30 UBZ 
TW-20 368975.43 655503.64 5,891.80 2-Oct-84 8 4 48 44 PVC 35 -44  UBZ 
TW-21 368969.43 655528.89 5,891.50 8-Oct-84 8 4 130 120 PVC 105 - 122 LBZ 
TW-22 371421.14 654280.62 5,952.40 16-0ct-84 8 4 112 112  PVC 104 -  112  UBZ 
TW-23 371421.83 654265.62 5,952.40 16-Oct-84 10 

6 
4 88 

231 
186 PVC 170 -  190  LBZ 

TW-24 371435.86 654273.24 5.952.50 16-Oct-84 8 4 92 92 PVC 73 -92  UBZ 
TW-25 "372218.00 "655264.00 5.995.80 3-Nov-84 10 

8 
4 105 

250 
191 PVC 178 -  191  LBZ ABANDONED 

TW-26 372217.87 655264.35 5.995.60 27-Oct-84 10 
8 

4 97 
142 

142 PVC 136 -  142  UBZ 



2/15/94 WELL COMPLETION INFORMATION 2 

LOCATION 
STATE PLANE COORDINATES 

NORTHING EASTING 

GROUNO 
ELEVATION 

(feet) 

WELL CONSTRUCTION 
DATE 

HOLE 
DIAMETER 

line heel 

CASING 
DIAMETER 

(Inches) 

HOLE 
DEPTH 

(feet bgs) 

CASING 
DEPTH 

(feet bgs) 

CASING 
MATERIAL 

MONITORED 
INTERVAL 
(feet bgs) 

FORMATION 
MONITORED 

COMMENTS 

TW-27 •372218.00 •655264.00 5,995.60 30-0ct-84 8 4 98 95 PVC 88 -  95  UBZ ABANDONED 
TW-28 375486.33 654189.48 5.987.00 6-Nov-84 10 

8 
4 38 

89 
89 PVC 76 - 89 UBZ 

TW-29 375471.82 654187.34 5,987.70 2-Nov-84 10 4 47 47 PVC 40 -47  UBZ 
TW-30 373594.42 655794.00 5,991.00 8-Nov-84 8 4 69 69 PVC 62 - 69 UBZ 
TW-31 372539.79 657709.67 5.973.90 3-Dec-84 8 4 42 30 PVC 23 -  31  UBZ 
TW-32 372539.63 657696.82 5,974.10 13-Dec-84 8 4 190 166 PVC 151 - 181 LBZ 
TW-33 372526.92 657699.47 5.974.00 10-Dec-84 8 4 75 74 PVC 67 - 75 UBZ 
TW-34 368993.91 655496.74 5,891.60 13-Dec-84 8 4 74 74 PVC 68 -74  UBZ 
TW-35 369036.29 655076.56 5.895.00 13-Feb-85 8 4 128 83 PVC 71 - 89 UBZ 
TW-36 369828.74 654892.25 5,904.70 2-Feb-85 8 4 54 54 PVC 48 -54  UBZ 
TW-37 372837.18 654245.63 5,957.10 13-Feb-85 8 4 102 100 PVC 93 - 100 UBZ 
TW-38 370446.40 656523.94 5,970.90 7-Feb-85 8 4 102 102 PVC 90 -  102  UBZ 
TW-39 369036.99 655061.98 5,895.00 13-Feb-85 8 4 57 56 PVC 48 -56  UBZ 
TW-40 373122.39 655757.09 5,988.30 17-Feb-85 8 4 89 89 PVC 82 - 89 UBZ 
TW-41 373505.54 655621.80 "5.991.50 Jul-86 8 4 68 68 PVC 55 -68  UBZ 
TW-42 373178.57 655840.05 "5.987.90 Jul-86 10 4 89 89 PVC 76 -89  UBZ 
TW-43 373141.22 655697.28 "5.986.70 Jul-86 8 89 89 PVC 80 -89  UBZ 
TW-44 373110.02 655766.66 "5,987.40 Jul-86 8 4 148 148 PVC 129 -  148  LBZ 
TW-45 372827.62 654238.16 5.957.30 29-May-87 10 

8 
4 130 

230 
228 PVC 214 - 228 LBZ 

TW-48 375520.55 655978.20 5.987.80 12-Mar-88 8 4 73 71 PVC 65 - 71 UBZ 
TW-49 374930.77 656071.52 5,995.90 12-Mar-88 8 4 82 82 PVC 73 -82  UBZ 
TW-50 373849.68 656040.74 5,992.00 15-Mar-88 8 4 89 89 PVC 73 -  89  UBZ 
TW-51 374323.79 657503.66 "5,994.60 5-Aug-88 8 8 

6 
158 58 

92 

STEEL 37 - 51 
90 - 158 

UBZ 
LBZ 

TW-53 368055.24 654739.84 5.878.35 30-Oct-92 8 4 62 31 PVC 18 - 32 UBZ 
TW-54 368052.39 655240.53 5.886.70 29-Oct-92 8 4 76 50 PVC 37 - 52 UBZ 
TW-55 368050.24 655739.76 5.884.33 21-Oct-92 8 4 69 66 PVC 52 -67  UBZ 
TW-56 367979.10 656276.06 5,907.70 28-Oct-92 8 4 106 96 PVC 85 -  98  UBZ 
TW-57 374365.91 654000.20 5.950.36 24-Oct-92 8 4 35 35 PVC 21 -35  UBZ 
TW-58 368980.16 655458.20 5.889.84 3-Nov-92 12 8 55 52 STEEL 37 -52  UBZ 
HARRIS 368317.9 654651.32 "5,878.78 3-Dec-69 6 6 64 64 STEEL 58 -62  UBZ 
LEWIS 366022.93 655889.54 "5,863.35 15-Aug-74 6 5 105 105 STEEL 85 - 105 ND 

NOTES: 
bgs - below ground surface 
MP - measuring point 
NO - no data 
NA - not applicable 



LITHOLOGY AND WELL COMPLETION 
MONSANTO TW 1  

'S 1 

Figure H-< 

DRILLER'S LOG 

V 

REPORTED WELL COMPLETION 

Ground Surface 

CLAY 

20--
LAVA 

CINDERS 

AO• 
LAVA 

CLAY and CINDER 5 

CLAY 

60--

60 -f SANDSTONE 

o. 

o 

100--

120-

SHALE 

140" 

CLAY 
160- Contd. on Sheet 2 

\~-Cement 

|-—S in. open hole fo 300 ft 

— 4 in. casing to 120 ft 

L i 
Scale I in. fo 20 fl 

— Golder Associates 



L1TH0L0GY AND WELL COMPLETION 
MONSANTO TW 1  

Figure T 

I60 • 

DRILLER'S LOG 

Corti'd. from Sheet / 

REPORTED WELL COMPLETION 

180 --

200- -

220--

240--

a v 
O 

5HALE 

CLAY 

-- SHALE 

260 --

280 --

J: 

v' 

i 

> 

300-
CLAY 
End of Hole 

Scale I in. to 20 ft 

— Golder Associates 

_J LEGEND 

Cement Grout 

3entonite 

Gravel 3ockfiH 

s Cave 
 ̂ I Casing with drive shoe. 



LITHOLOGY AND WELL COMPLETION 

MONSANTO TW 2 
Figure H-2 

DRILLEFfe LOG 

Ground Surface fS9&=tft .)  

•SO 

J. CINDERS 

«> 
%> 

BO 

o. 
w 
a 

too 

D far 
> 

120 

140" 

LAVA 

CIKJUCRS' 
—V t-AVA 

CINDERS 

160^- Coni'd on sheetZ 

REPORTED WELL COMPLETION 

-8% in. casing to 20 ft 

•|—8 in. open hole to IS ft 

0% in. Casing to IS ft. 

J—6 in. open hole to 20O ft. 

Scale I in. 1o 20 ft 

— Golder Associates 



L ITHOLOGY AND WELL  COMPLETION 

MONSANTO TW 2  
Figure • 

\ 
* / • 

. \ 

« «w 
> 

160-r 

DRILLER'S LOG 

Cont'd from sheet / 

180- -

200--

220--

w 

' 240- -

o. 
«> 
O 

* •  n.' 

260 

CINDERS 

LAVA 

White and ye/low 
•forma tion. 

End of Hole 

REPORTED WELL COMPLETION 

-—6 in. open hole to Z6>Oft. 0 

LJ  

LEGEND 

LJ Cement Grout 

0 Bentonite 

Gravel Backfill 

fî  Cave 

j ^ Casing with drive shoe A 

Scole I in. to 20 ft 

— Golder Associates 



LITHOLOGY AND WELL COMPLETION 
MONSANTO TW 3 

Figure H-3 

DRILLER'S LOG REPORTED WELL COMPLETION 

'Ground Sun foe e (5880.26>fi) 

20V CLAY SAbJC? 

40" 

60" 

80" 

CL 
O 
O 

100-

I20--

i: 

>' 

i 

> 

CLAY 

Broken BASALT 

Broken BASALT 

Firm BASALT 

cinders 

Bro ken BASA LT 

wo" Firm BASALT 

Cont'd on Sheet 2 

•8 in. casing to 29 ft 

/j-—8 in. open hole to 250ft. 

•4 in. PVC sched. -40, 

Scale I in. to 20 ft 

Golder Associates 



L ITHOLOGY AND WELL  COMPLETION 

MONSANTO TW 3  
Figure . iS'S" 

DRILLER'S LOG REPORTED WELL COMPLETION 

160-
Contid. -from sheet I 

T Firm 3A5ALT 

180 - • 

200" 

01 
at 

o. 
at 
O 

220" 

240 

260-1-

CiNDEHS 

Broken BASALT 

.. Ho rd 3A3ALT 

Broken 3ASALT 
CIKIDEBS 
Broken BASALT 
diNOE&s' 
Broken BASALT 

-/ Firm BASALT 

End of Hole 

i  L* 

F: 

i> 

-4- in. PVC screen 
from !80 to 19O ft 

•4 in. PVC screen, 
from Z30 to 241 ft 

LEGEND 

E?1 Cement Grout 

B 3entonite 

O Grovel 3ockfiH 

0 Cave 

^ I  Cosing with drive shoe. 

Scale I in. to 20 f t  

- Gotder Associates 



LITHOLOGY AND WELL COMPLETION 
MONSANTO TW 4 

Figure H-4 

20 

DRILLER'S LOG 

Ground Surface {s88Q.O7/i) 

Soil 

Broken BASALT 

Firm BASALT 

Broken BASALT 

Firm BASALT 

REPORTED WELL COMPLETION 

40-

60" 

Firm BASALT 

80" 

Q. 
O) 
O 

100" 

120-
CthJDERS 
Firm R AS ALT 

End of Hole 

}-8 in. open hole to !Z(o ft 

•4 in. PVC sched. 40> 

I i 
F:l 
m 
t- :il 

-4 in. PVC screen 
from IOC to IZC ft 

Scale I in. to 20 ft 

LEGEND 

Cement Grout 

Bentonite 

Grovel Backfill 

Cave 

J \ Casing with drive shoe. 

Golder Associates 



LITHOLOGY AND WELL COMPLETION 
MONSANTO TW 5  

Figure H-5 

DRILLER'S LOG 

Ground Surface (595^-97f"0 

- - Broken BASALT 

20" 

40-. _ 

Firm BASALT 

60-

80" 

Q. 
6) 
o 

100--

120 

160 

_i5QH_ 

Broken BASALT 

Firm BASALT 

Broken BASALT 
CtUOERS 
Flrnker,  P,AS^L.T 

140" Firm BASALT 

REPORTED WELL COMPLETION 

-8 in. casing to !G ft. 

t-

f 

Cont'd on sheet 2 

• 'I""—8 in. open hole to 22! ft 

•4 in. P[/C sched. 40, 

Scale I in. to 20 ft 

— Golder Associates 



LITHOLOGY AND WELL COMPLETION 
MONSANTO TW5 

Figure 

I60T 

DRILLER'S LOG 

ConicJ. from sheet i 

REPORTED WELL COMPLETION 

180V Firm BA5ALT 

o> 
4) 

g 200 

220 

•R 
CINDERS 

Bra ken BASALT 

i"= 

CINDERS 
Broken BASALT 
P/rm SASALTT 

End of Hole 

-4 in. PVC screen 
from 20! to 221 ft. 

'i 

LEGEND 

Cement Grout 

Bentonite 

Gravel Bock fill 

•j Cave 

j \ Casing with drive shoe. 

Scole I in. to 20 ft 

- Golder Associates 



L1TH0L0GY AND WELL COMPLETION 
MONSANTO TW 6 

L"' 

Figure H-6 

DRILLER S LOG REPORTED WELL COMPLETION 

Ground Surface (5957. IP ft.) 

$Q'i 

Broken BASALT 

20--

40" 

Firm BASALT 

60-

%> 

60-

Q. 
o 
O 

B roke n BA SALT 

100--
Firm BASALT 

120-
Broken BASALT 
EiNPERfi 
Broken F3AS ALT 
R,rm basLuj 
End of Hole 

8 in. open hole to 126 ft 

•4in PVC $ched. 4Q% 

*=]—4 in. PVC screen, 
from 106 to 126 ft. 

V. 

1 
LEGEND 

Scale I in. to 20 ft 

— Golder Associates 

VA Cement Grout 

B Bentonite 

[«2 Grave! Backfill 

Q Cave 

\ I Casing with drive shoe. 



LITHOLOGY AND WELL COMPLETION 
MONSANTO TW T 

Figure H-7 

DRILLER'S LOG REPORTED WELL COMPLETION 

Ground Surface {5884.46> ft.) 

20" 

Q. 
o a 

40" 

60 

Cj-AV 

Broken BASALT 

End of Hole 

—10 in. casing to !Z ft. 

Y~!0 in. open hole to 34 ft 

8 in. casing to 34 ft 

4 in. PVC sched. 40t 

B in. open hole to GO ft. 

4 in. PVC screen1180 sht^ 
from 40 to GO ft. 

LEGEND 

pVH Cement Grout 

M Bentonite 

153 Gravel Bock fill 

0 Cave 
j  \ Casing with drive shoe. 

Scale I in. to 20 ft 

- Golder Associates 



LITHOLOGY AND WELL COMPLETION 
MONSANTO TW 8  

Figure H-8 

DRILLER'S LOG 

Ground Surface fs>S84.&>7ft.) 

REPORTED WELL COMPLETION 

20-.  

-- Soft BASALT 

0> 
£ 40 

o. 
v 
O 

60 

BO --

CLAY 

Soft BASALT 

Hard BASALT 

Hard BASALT 
Soft BASALT 

-- Hard BASALT 

Soft BASALT 

Hard BASALT 

Soft BASALT 

—8 in. casing to ZO.S ft 

8 in. open hole to 95 ft 

4- in. PVC sched. 40> 

4 in. PVC screen J80 slot, 
from IS to 9O ft. 

End of Hole 

LEGEND 

Cement Grout 

Bentonite 

Gravel Bock fill 

Cave 

j  I Casing with drive shoe. 

Scole I in. to 20 ft 

- Golder Associates 



LITHOLOGY AND WELL COMPLETION 
MONSANTO TW 9 

Figure H-9 

LITHOLOGY 

Ground Surface (5883,85 ft.) 

20--

40 

60 J-

80--

Q. 
01 
Q 

100--

140--

160 

Silly CLAY 

Weathered 3AS ALT 

Loose 3A5ALTand CIMOERS 

Fresh 3ASALT 

Weothered 3ASALT 

Fresh BASALT 

Weathered BASALT with 
some cinders. 

Fresh BASALT 

19ft--  ClaV 

: Fresh BASALT 

Cont'd. on sheet 2of Zr 

1  

Sheet / of 2 ' 

WELL COMPLETION 

—JOin. open hole to 3! ft. 

•8 in. casing to 31 ft. 

:1 

.J— 8 in. open hole to 253ft 

•4 in. Pl/C Sched. 40, 
flush joint threaded. 

Scale I in. to 20 ft 

Golder Associates 



L I T H O L O G Y  A N D  W E L L  C O M P L E T I O N  

M O N S A N T O  T W  9  
Figure 

160 

LITHOLOGY 

Cont 'd, from sheet fof 2 

{Sheet Z of 2) 

WELL COMPLETION 

J. Fresh BASALT 

180 -i 

200--

220--

O) 
0> 
"240-

o. 
ft) 

O 

260--

weathered KASAUT 

Fresh BASALT 

Wi°Oth<°red P>A 5AL.T 

Fresh BASALT 

wraTdrrsxrf tlASAt-J 

Fresh BASALT 

Weathered BASALT 

Fresh BASALT 
Weathered BASALT 
Fresh BASALT 
End of Borehole 

4 In. PV.C screen, 20slot, 
from Z4! to ZS! ft. 

LEGEND 

Cement Grout 

Bentonite 

Grovel Bock fit I 

ff*l Cave 

^ [ Casing with drive shoe. 

Scole I in. to 20 ft 

- Golder Associates 



L ITHOLOGY AND WELL  COMPLETION 

MONSANTO TW 10  
Figure H-10 

LITHOLOGY 

Ground Surface fS884.44) 

Ol a> 
a 

40 ±-

Silty CLAY 

Weathered BASALT 

- 20 - • Weathered BASALT and CINDERS 

hresh FiASALT 

.. End of Borehole 

WELL COMPLETION 

•10 in. open hole to Zt ft. 

•4 in. PVC. Sched. 40, 

flush joint threaded 

•8in. open hole to Zlft. 

^4 in. PVC screen, 20 slot, 

from 19 to 24 ft 

LEGEND 

Cement Grout 

Bentonite 

(5 roue I Backfill 

0 Ca\/e 
j [ Casing with dri\/e shoe. 

» w 
> 

H 
* 

TVJ 
CD* 

Scole 1 in. to 20 ft 

- Golder Associates 



L ITHOLOGY AND WELL  COMPLET ION 

MONSANTO TW11  
Figure H-11 

LITHOLOGY 

20 J. Weathered BASALT 

40"" Fresh BASALT 

60-

• Fresh BASALT 

80--

Q. 
0) 
O 

too 

I20--

I40--

I60-1 

Cround Surface (5936.62') 

SUty CLAY 

Fres h 3 A SA LT 

Fresh BASALT with SAND 

Sll-T 

Weathered BASALT with 
silty SAND. 

Loose C tNDERS 

Fresh BASALT 

" Si/tu SAND 

Sandy GRAVEL to GRAVEL 

End of Borehole 

n 

WELL COMPLETION 

1 

\—l2in. open hole to 27 ft 
I 

4"—JO/'n. casing to 27 ft. 

I 
I 

I 
j -—10 in. open hoie to /OOft. 

~4in. PVC sched. 40 
flush joint threaded 

& in. casing to JOO ft. 
Ccut ot 95 ft. Put could 
not Pe pulled out) 

\—8in. open hole to !4Zff. 

i 
*  *  + \  

_t_a 

Scole I in. to 20 ft 

— Golder Associates 

-4 in. FVC screen. 20 sJot, 
from !3Z to 137 ft. 

LEGEND 

m Cement Grout 

M Bentonite 

O Grovel Rocktill 

Cove 

\ I Cosing with drive shoe 



L ITHOLOGY AND WELL  COMPLET ION 

MONSANTO TW 12  

LITHOLOGY 

Ground 5urface(5^37. £>3 ) 

20--
Fresh BASALT 

40 -t Weathered 3A5ALTt some sand. 

60 

Q> 

BO --

a. 
a> 
Q 

I00 

i20t 

SUty CLAY 

Fresh 3A5ALT 
. SAK/D 

Fresh BASALT 

SILT 

Weathered BASALT 

Fresh BASALT 

• Loose BASALT and CINDERS 

fffjh P.A5AOT 
' End of Borehole 

Figure H-12 

WELL COMPLETION 

H 

II 
II 

i 
E; 

V 
12 in. open hole to Z7ft 

|i 

—10 in. open hole to Co! ft. 

LL 8 in. casing and drive shoe 
to Lift. 

4 in. PVC. Sched.40, 
| flush joint threaded. 

I 
— 4 in. PVC screen, 20 slot. 

LjSJ 
from 89.5 to 99.5 ft. 

LEGEND 

Cement Grout 

Bentonife 

Gravel Backfill 

ft*] Cave 

J \ Casing with drive shoe. 

Scole I in. to 20 ft 

— Golder Associates 



LITHOLOGY AND WELL COMPLETION 
M O N S A N T O  T W 1 3  

Figure H-13 

LITHOLOGY 

Ground Surface f598G> .43 ) 

20--

40-

60 — 

8 0 - -

Q. 
ft> 
Q 

SUty SAND and GRAVEL, 

Sandy GRAVEL 

SUty CLAY 

Fresh BASALT 

Silty CONGLOMERATE 

I00-l End of Borehole 

WELL COMPLETION 

\~IOin. open hole to 9 ft 
I 

-4 in. PVC Sched. 40, 
flush joint threoded 

~8 in. cosing to 42 ft (cut at 
•3(b.Sft. and pulled back 4 ft) 

—8 in. open hole to 98 ft 

i 

A 

+— Blockage &>2- 75ft before 
grout added. 

4 in. PVC sere en, 20 slot, 
from 8! to 9(oft. 

IkSU 

LEGEND 

E5) Cement Grout 

Q Bentonite 

[X] Gravel Backfill 

Q Cave 

^ I Casing with drive shoe. 

Scale I in. to 20 ft 

— Golder Associates 



L ITHOLOGY AND WELL  COMPLET ION 

MONSANTO TW 14  
Figure H-14 

LITHOLOGY 

Ground Surface (598fa.4G') 

51/ty SAND and GRAVEL 

WELL COMPLETION 

o> 
tt> Sondy GRAVEL 

20-t 
a. O) 
O 

• Siltu CLAY 
End of .Borehole 

/O in. open hole to 9 ft. 
^-4in. PVC 5ched. 40, 

f/u5h joint threaded. 
d?r~8in- open to Z4ft. 

|*':i§y—4in. PVC screen, 20 slot, 
from 15.5 to 205 ft. 

40 -1-

u: 

* 
All 

> 

* 
* 

LEGEND 

Cement Grout 

Benton ite 

Gravel Bock fill 

„ . Cave 

J \ Casing with drive shoe. 

« :  

© 
* 

Scole I in. to 20 ft 

- Golder Associates 



L1TH0L0GY AND WELL  COMPLET ION 

MONSANTO TW 15  
Figure H-15 

CD 

e> 
O 

%n 
4 

CO 

CD 

© 
X 

+-
o 
-> o 

LITHOLOGY 

Ground Surface (598&>.48') 

5andy GRAVEL 
20-i 

Q> 
-40^ 

Q. 
A) 
o 

SUty 5A KID and GRAVEL 

-- Si'ty CLAY 

" Fresh BASALTt fractured 

601 End of Borehole 

80 -

WELL COMPLETION 

i— IO In. open hole to 9 ft. 
I 

— 8 in. casing to 39 ft 

-4 in. PVC sc.hed.40 
flush joint threaded 

•'.:-~8in. open hole to CO ft. 

S uS 
t'l-

-4in. PVC screen , ZO slot 
from 49.5 to 59.5 ft. 

LEGEND 

|?-| Cement Grout 

PI Bentonite 

3 Grovel Backfill 

[fTj Cave 

\ ^ Casing with drive shoe. 

Scale I in. to 20 ft 

— Golder Associates 



LITHOLOGY AND WELL COMPLETION 
MONSANTO TW 16 

\ 

Figure H-16 

LITHOLOGY WELL COMPLETION 

Ground Surface ^5996.85') 
SUty SAND and GRAVEL 
(FILL) 

SUty CLAY 

20--

Fresh BASALT 
09 09 

£ 401 SUty SAND 
o. 
o> 
Q 

v -
id: 

O; 

60-r 
Fresh BASALT 

80 

I00-1-

t-oose clikjof 
i. Fresh BASALT 

End of Bore hole 

\: 

.. 

—AO in. cosing to 9 ft. 

—fO in. open hole to 28 ft. 

j—8in. cosing to Z8 ft. 

• f—8 in. open hole to 82 ft. 

-4- in. PVC Sc-hed. 40, 
flush joint threoded. 

i-: 
i T * 

•4in. Pl/C Screen, ZO slot, 
from 7I.S to 1E.S ft. 

cd* 
O 2 

LEGEND 

|y.':| Cement Grout 

Bentonite 

Gravel Bockzfill 

1M Cave 

J |r Casing with drive shoe. 

Scole I in. to 20 ft 

— Golder Associates 



* 
a o 

to 
10 

t 

CD 

b* 

i-o 

LITHOLOGY AND WELL COMPLETION 
MONSANTO TW 17 

Figure H-17 

LITHOLOGY 

20 

40 

60--

80--

Q. 
o> 
a _L 

100-r 

I20-L 

SUtLj SAND and GRAVEL 
(FILL) 

Si/ty CLAY 

Fresh BASALT 

SUtLj SAND and GRAVEL 

Fresh BA SALT 

Loose c.mders 

Fresh BASALT 

•-> Weathered BASALT 
Fresh BASALT 

Weathered BASALT 

Fresh BASALT 

End of Borehole 

WELL COMPLETION 

Ground Surface {5^^G>.4Z') 

•i.- -to in. cosing to ZZft. 

:\—/Oin. open hole to 5IS ft. 

I-& in. open hole to 115 ft. 

-4 in. PVC sched. 40, 
flush joint threaded 

(Li 
t-i J—4 in.  PVC screen,  20 slot ;  

from 96>.5 to /OG-Sft. 
9 C P 

LEGEND 

Cement Grout 

B Bentonite 

(#1 Grovel Bock fill 

ft*l Cave 

\ [ Casing with drive shoe. 

Scole I in. to 20 ft 

— Golder Associates 



LITHOLOGY AND WELL COMPLETION 
MONSANTO TW 18 Figure H-18 

- - Si/ty CLA Y 

20 -r  

40 -L 

LITHOLOGY 

Ground Surface (*5994 6>? ') 
5i/tu SAND and OKAVEL CFJLL) 

Fresh BASALT 

Si/ty SAND to si/ty GRAVEL 

60 T Fresh BASALT 

T 
D 
u o 
D 

80 --

Loose ClKIDEB~r 

a. 
v 
O _L 

Fresh BASALT 

weathered BASALT 
Fresh BASALT 

,00"' Weathered BASALT 

120 

140--

Fresh BASALT 
i: 

160 Cont'd, on sheet ZoTZ ' 

(Sheet lot Z 

M: 

WELL COMPLETION 

•to in. casing to 18 ft. 

. |—to in. open hole to 77 ft. 

•\- 3 in. open hole to ZSOft. 

4 in. PVC Sched. 40, 
flush joint threaded 

Scale l in. to 20 ft 

Golder Associates 



LITHOLOGY AND WELL COMPLETION 
MONSANTO TW 18.  

LITHOLOGY 

I60 

I80 -- Fresh BASALT 

200--

a> 
a> 

a. a> 
a. 

220 --

240--

260 -L 

CON 1ID. FROM SHEET / OF2 

Fresh BA5ALT 

CL-AY 

Weathered BASALT 

Fresh BASALT 

- - Weathered BASALT 

Fresh BASALT 

End of Borehole 

Figure 

(Sheet Z of 2 

WELL COMPLETION 

••I 

H i 
D 

-4 in. PVC screen t ZO slot 
from 224 to 234 

1L-I:d 

LEGEND 

Cement Grout 

| Bentonite 

G ra\/el Bock fill 

0 Cax/e 

j ^ Casing with drive shoe. 

Scale I in. to 20 ft 

— Golder Associates 



LITHOLOGY AND WELL COMPLETION 
MONSANTO TW 19 

Figure H-19 

LITHOLOGY 

Ground Surface fS89/.2oO 
C/Oueu GBAVEL. 

SHiy CLAY 

01 Q> 
Gravelly SAND 

20--
q. 
0> 
O 

Fresh BASALT 

End of Bore hole 

WELL COMPLETION 

|—!Oin. open hole to 14 ft 

hp* casing to 17 ft. 

cSin. open hole to 29 ft. 
jjp 4 in. PYC sahed 40, 

flush joint threaded. 

ifjj—4in. PVC screen, 20 slot, 
^ from 24.5 to 293 ft 

40-

to: 

o»: 
O: 

LEGEND 

O w 
» 
> w 

Cement Grout 

Benfonite 

Gravel Bockfill 

It*] Cave 

\ i Casing with drive shoe. 

CO-
CD' 

Scale I In. to 20 ft 

— Colder Associates 



L ITHOLOGY AND WELL  COMPLET ION 

MONSANTO TW 20  

LITHOLOGY 

Ground Surface (58^1.76>') 

Si/ty CLAY 

Z 20 v Fresh BASALT 

a. 0) 
O 

40-
• Loose CINDERS 

-- End of Borehole 

60J-

Figure H-20 

WELL COMPLETION 

\—!0in. open hole to /Gft. 

:i I 
: **—8 in. easing to Ko ft 

I 

*• d -*i L jl£J 

• ,n- °P£n hole to 48 ft 

4 in. PVC Sehed 40, 
^ flush joint threaded 

^—4 in. PVC screen, ZO slot 
from 39 to 44 ft. 

LEGEND 

[..•I Cement Grout 

Q Bentonite 

Gravel Backfill 

0 Cave 

^ I Casing with drive shoe. 

Scole I in. to 20 ft 

- Golder Associates 



L ITHOLOGY AND WELL  COMPLET ION 

MONSANTO TW 21  Figure H-21 

20- -

LITHOLOGY 

Ground Surface CS831A<o') 

SUty SAND and GRAVEL 

SAND and GRAVEL 

Fresh 3 AS ALT 

40 tl 

60— Fresh 3AS ALT 

'-•CLAY and CINDERS 

« Q> 
•V 
co 

•> 
a 

80 

a. a> 
O 

100--
a 
u 
* 

I20--

•n 
• 

«v 
TT 
CO 

o K a. 

I40-1-

Fresh BASALT 

Weathered BASALT 

Fresh BASALT 

cLAY 

Fresh BASALT 

End of Borehole 

WELL COMPLETION 

IO in. casing to 15 ft. 

to in. open hole to 52 ft 

-8in. casing to 52 ft, cut 
of 35 ft. and pulled out. 

|—8 in. open hole to J3Q.5ft. 

rj-4 in. RV.C. Sched 40, 
flush joint threoded. 

in. PVC screen, 20 slot 
from HO to I20 ft. 

Scale I in. to 20 ft 

— Golder Associates 

LEGEND 

F?1 Cement Grout 

Q Eentonite 

(#1 Gra\/el Bock fill 

Ca\/e 

J I Casing with drive shoe. 



ft) 

a 

X 
* 

fO 

CVi 

o 
X 

o ft ft 

LITHOLOGY AND WELL COMPLETION 
MONSANTO TW 22 

-- Si/ty 3AND CT/HUNGS) 

20 

LITHOLOGY 

Ground Surface (S952.44 ) 
GRAVEL and COBBLES (SLAG) 

SHty CLAY 

Sitty SAND with 
weathered 3AS ALT 

40 T Weathered 3A5ALT 

60 
Fresh 3ASALT 

8 0 - -

a CJ 
o -t-

I00--

120-1-

Loose CINDERS 

Fresh 3AS ALT 

-- Weathered 3ASALT 

End of Borehole 

Figure H-22 

WELL COMPLETION 

c tO in. open hole to 7 ft. 

-8in. casing to 44 ft. 

Eih 8 in. open hole to 112 ft. 

-4in. PVC 5ched.40 
flush joint threaded 

I 
tm —4 in. Pvc screen, 20 slot, 

from I07 to HZ ft. 

LEGEND 
Cement Grout 

Bentonite 

G rowel Bock fill 

0 Cowe 

j I Casing with drive shoe. 

Scole I in. to 20 ft 

Golder Associates 



LITHOLOGY AND WELL COMPLETION 
MONSANTO TW 23 Figure H-23 

LITHOLOGY 

-- SiJty SAND ̂ TAILINGS) 

20 

40 

GRAVEL and COBBLES (SLAG) 

Si/fy CLAY 

SUty SAND with weathered 
BASALT 

6 0 - -

iVeathered BASALT 

Fresh BASALT 

ft) 4) 
80--

O 0 
<o 

a a 
O 

100--

> 

120--

fO 
*n 
i 

CNJ 
«» 

140--

4 
O 0 
A. 160 

Freeh BA5ALT 

IVea the red BASALT 

-- Fresh BASALT 

Cont'd on sheet ZofZ 

(Sheet lofZ< 

WELL COMPLETION 

Ground Surface Tsssz. 35') 

Scole I in. to 20 ft 

-—10 in. casing to 44 ft 

IO in. open hole to 86 ft. 

in. cosing with shoe to 
88 ft., cut at CeZ ft. and 
pulled out. 

I ~8 in. open hole to Z31 ft. 

4 in. PVC Sched. 40, 
•| flush joint threaded. 

\ 

Golder Associates 



LITHOLOGY AND WELL COMPLETION 
MONSANTO TW 23 

Figure 

{Sheet 2of 2^ 

160 

LITHOLOGY 

Cont'd from sheet I of 2 
Fresh BASALT 

WELL COMPLETION 

Weathered BASALT 
CLAY 

180 --
1 Fresh BASALT, fractured. 

-200 T 

Q. Q> 
O 

Weathered BASALT 

4in. PVC screen, 20 slot, 
from /16> to !8&> ft. 

* • 
• i 

Fresh BASALT 

220-1-

End of Borehole 
IL21I 

m 

a 

240— 

W 
* 

LEGEND 

* 
ce o 

fO 
«n 

M 
CD 

Cement Grout 

Bentonite 

Gravel Backfill 

Cave 

\ I Casing with drive shoe. 

o 
Ui 

o 

Scole I in. to 20 ft 

— Golder Associates 



L1TH0L0GY AND WELL COMPLETION 
MONSANTO TW 24 Figure  H-24 

LITHOLOGY WELL COMPLETION 

Si/ty SAND C7b'lings) 

20 

Ground Surface (5952.49') 
GRAVEL ond COBBLES {SLAG) 

Siity CLAY 

SiJfy SAND ond weathered 
BASALT 

~~ weathered BASALT 

60̂  

bo --

s> 
o 

o. 
o 
O 

I00-1-

Tresh BASALT 

Loose Cth/DERS 

End of Borehole 

e 4*1 
» 
> 
Ut 

«r o 

to 
40 

CD 

O 

# o AC 

I:-' 
lv 
tv 

i 

—8 in. cosing to 45 ft 

"\~-8 in. open hole to 92 ft. 

rij—4 in. PVC Sched. 40, 
flush joint threoded -.'I 

•I 

t' 4 in. PVC screen, 20 slot, 
from 82 to 92 ft. 

LEGEND 

Cement Grout 

Bentonite 

Grovel Backfill 

;_•] Cove 

] ^ Casing with drive shoe. 

Scole I in. to 20 ft 

Golder Associates 



L ITHOLOGY AND WELL  COMPLET ION 

MONSANTO TW 25  

LITHOLOGY 

20--

tSround Surface (SSS5.8Q') 

SUty GRAVEL and COBBLES 
(FILL) 

.. Fresh BASALT 

40 T 

60 

Si Hq SAKlD 

Fresh BASALT 

5,/Tu SÂ 'O 

Sandy SILT to silty SANP 

Fresh BASALT 

80-|-

a o 
O 

• Weathered BASALT, fractured 

I00--

J40--

I60-1-

Fresh BASALT 

120-- Fresh BASALT and SAND. 

Fresh BASALT. 

S,tTu CLAV 
Fine SAtJP 

Weathered BASALT with 
CINDERS. 

j. Cont'd, on sheet Zof Z 

Scole I in. to 20 ft 

Figure H-25 

/Sheet / of 

WELL COMPLETION 

—10in. cosing to 27 fi. 

\—J0 in. open hole to /OSft. 

8 in. cosing with drive 
Shoe to /OS ft Casing 
cut at 80 ft. and SO ft but 
could not be pulled out. 

r 

j 

Y~8 in. open hole to 2SO ft. 

-4 in. PVC, Sched. 40, 
flush joint threaded. 

Golder Associates 



L ITHOLOGY AND WELL  COMPLET ION 

MONSANTO TW 25  

140 

160-

180 

LITHOLOGY 

Cont'd, from sheet /ofZ 

Fresh BASALT 

Weathered BASALT 

i. Fresh B A3 ALT 

Weathered BASALT 

4- Fresh BASALT 

200 -fc_ 
Weathered BASALT 

Figure 

Sheet ZofZ) 

WELL COMPLETION 

I:' 
I :  

; = ?f l—4it7. PVC screen, ZO slot 
• = 16I frorn 13/to 191 ft 

Fresh BASALT 
220~ -

U 0> 
a 

< 
a 

IK 

> 

* 

fO 
m 

CD 

z 

a 
o 
O 

• Weathered BASALT 
240--

260 + 

Fresh BASALT 

End of Borehole 

LEGEND 

Cement Grout 

Bentonite 

Grovel Bock fill 

Q Cove 

j I Cosing with drive shoe. 

Scale I in. to 20 ft 

— Golder Associates 



L1TH0L0GY AND WELL  COMPLET ION 

MONSANTO TW 26  
Figure H-26 

LITHOLOGY 

Silty GRAVEL and GOBBLES 

t fclLL) 

20--

Ground Surface {5935.58') 

Fresh BASALT 

4 0 * 7  

Si/ty SAND and 
weathered BASALT 

Fine SAND 
• Fresh BASALT 

SO-- erne SAuq 

Q> 
4) 
80 

o. o> 
Q 

100--

Fresh BASALT 

Fresh BASALT 

Weathered BASALT 

Fresh BASALT 

/-me sak/d 

120' 'Fine SAND and weathered BASALT 

140--

I60-1-

Fresh BASALT 

Fresh BASALT 

SILT 

Weathered BASALTond CINDERS 

• End of Borehole 

WELL COMPLETION 

•"-10 in. casing to 27 ft. 

r !0in. open hole to 97ft. 

T: 
8in. casing with shoe 
to 97 ft. (casing cut at 
40 ft. pu t could not be 
pulled out. 

y-8in. open hole to 142ft. 

•4 in. PVC% 5ched.401 
flush joint threaded. 

Scole I in. to 20 ft 

— Golder Associates 

4 in. PVC Screen, 20 slot 
from !3G>.5 to i4/.5 ft. 

LEGEND 

Fl Cement Grout 

| &entoni+e 

0 Grovel Sackfill 

ITH Cave 

J ^ Casing with drive shoe. 



L ITHOLOGY AND WELL  COMPLET ION 

MONSANTO TW 27  Figure H-27 

LITHOLOGY 

Ground Surface (S995.SO ) 

I. Silty GRAVEL {Fill) 

20-

40" 

60 T 

8 0 -

Q. 
O 
O 

Gra ye!hi CLA Y 

Silty SAND and weathered 
BASALT 

Fresh BASALT 

Fine SAND 
Fresn BASZUr 

Fine SAND and weathered 
BASALT 

Fresh BASALT 

Weathered BASALT 

100-1- End of Borehole 

WELL COMPLETION 

—8 in. casing to 27 ft. 

— 8in. open hole to 98 ft. 

4-in. PVC, Sched. 40, 
flush joint threaded 

S3: 
4in. PVC screen, ZO slot, 
from 89.S to 94.Sft 

LEGEND 

EV-j Cement Grout 

H Bentonite 

Grovel Bock fill 

E+1 Cave 

j ^ Casing with drive shoe. 

Scale I in. to 20 f t  

— Golder Associates 



LITHOLOGY AND WELL COMPLETION 

MONSANTO TW 28 
Figure H-28 

LITHOLOGY 

Ground Surface (5986B6') 
0-1 GRAVEL (FILL) 

20--

40 

Si/ty CLAY 

Fresh BASALT 
Weathered BASALT with 

day. 

I. Fresh BASALT 

60 J-

Weathered fractured BASALT 

Fresh BASALT 

60--

a o 
O 

100-1-

Loose CINDERS end 
BASALT. 

End of Borehole 

WELL COMPLETION 

\:- '  
i-':;'-. 

% 

t: 

t: 

•:-l 

. • .i 
y \r-to in. open hole to 38 ft. 

'•.'•I 
:'-:l 

/ •  [—  8  in .  open  ho le  t o  89  f t .  

;\ 
ji—4 in. PVC 5ched. 40, 

1 flush joint threaded 

•4 in. PVC screen, 20 slot, 
from 79 to 89 ft. 

LEGEND 

l?il Cement Grout 

Q Bentonite 

(55 Gravel Bock fill 

(3 Cave 
] ^ Casing with drive shoe. 

m 
Scole I in. to 20 ft 

— Golder Associates 



L ITHOLOGY AND WELL  COMPLET ION 

MONSANTO TW 29  Figure H-29 

LITHOLOGY 

Ground Surface f5987. 7O') 

2 0 -

40 + 

60-

GRAVEL (FILL ) 

SUty CLAY 

Fresh BASALT 

— Weathered BASALT with 
day 

Fresh BASALT 

Weathered BASALT, fractured 
End of Borehole 

WELL COMPLETION 

•10 in. cosing to 20 ft 

••'••\~-IO in. open hole to 41ft. 
4 in. PVC.ySched 40t 
flush joint threaded. 

a ' 

l:i =  § ir̂ / ' r7- screen, ZOsJot, 
from 42 fo47ft 

LEGEND 

Cement Grout 

Bentonite 

Gravel Backfill 

0 Cave 

^ I Casing with drive shoe. 

Scole I in. fo 20 ft 

— Golder Associates 



L ITHOLOGY AND WELL  COMPLET ION 

MONSANTO TW 30  Figure H-30 

LITHOLOGY 

Ground Surfaee 1^990.98') 

20--

O 
O) 

40 

o. Q> 
O 

u 
O 

taf 
* 

ff) 
«n 

CD 

60-1-

80 J-

5//^ GRAVEL (FILL) 

Silty CLAY 

Fresh 3A5ALT 

Siltu SAhJD 

; Fresh BASALT 
Siltu CLASS 

Fresh BASALT 

I Weathered BASALTond CINPER5 \ 
Vi/ Fresh BASALT 

1" End of Bore hole 

i.* \ 

IV: 

WELL COMPLETION 

\ 8  I n .  e a s i n g  t o  H o . 5  f t .  

• S in. open hole to 69 ft. 

r^r— 4-in. PV.C.,sched 40, 
• \ / I flush joint threaded. 

H ii 
Jgrj 4-in. P.V.C. screen. ZO slot, 

frQm M fQ 69 ff 

LEGEND 

Q Cement Grout 

Q Bentonite 

(#1 Gravel Backfill 

[3 Cave 

^ I Casing with drive shoe. 

O a 

Scole I in. to 20 ft 

Golder Associates 



L ITHOLOGY AND WELL  COMPLET ION 

MONSANTO TW 31  
Figure H-31 

LITHOLOGY 

S 20 

Ground Surface (*5973.88) 

SAND ond GRAVEL 

Fresh basal f" 

CL w 
O 

40-i. 

Fresh 3AS ALT 

SAND and GRAVEL 

Fresh BASALT 

WELL COMPLETION 

10in. open hole to Kofi. 

•j— 8 in. easing to J(o ft. 

4-in. PVC, Sched. 4Dt 
flush joint threaded. 
8 in. open hole to 42 ft. 
4in. PVC screen, ZO slot; 
from 25 to 30ft. 

End of Borehole 
L*_d 

BOW

LEG END 

Cement Grout 

Bentonite 

Gravel Backfill 

Cave 

J I Casing with drive shoe. 

Scale I in. to 20 ft 

- Golder Associates 



LITHOLOGY AND WELL COMPLETION 
MONSANTO TW 32 

Figure H-32 

LITHOLOGY 

20 ' Fresh 3A5ALT 

A O - -

60-i 

0> 0> 
80 

u* 
o, 
O: 

a. 0» 
O 

100 
tel 
* 

120-

fo: 

«r>: 

CD; 
O 

o 
ar 

140" 

160' 

Ground Surface &914.09') 
Si/ty SAND 

Fresh BASALT 

Si/tu SAND and GRAVEL 
rresh f*4s*LT ~ 

Sf/tu 3Ah/L>ond GRAVEL. 

Si/ty SAND ond GRAVEL and 
•frac tured 3A 3A LT. 

Fresh BASALT 

Weathered BASALT and 
CINDERS 

Fresh BA SALT 
CIHOERS 

Fresh BASALT 

Siltu SAND and CLAY 

Fresh BASALT 

Fractured BASALT 
ond SAND. 

Fresh BA SA L T 

Fractured BASALT iv/th SAND 

Fresh BASALT 

Contd. on 3heet Z 

WELL COMPLETION 

~1 

P 

j—/£>/>?. open hole to 4(oft. 

8 in. casing to 4& ft. 

t 

\|— 8 in. open hole to 190 f̂  

•4 in. PVC, Sched. 40t 
flush joint threaded. 

4 

Scole I in. to 20 ft 

— Golder Associates 

-4 in. PVC screen , ZO slot, 
from /S<2> to !6>&ft. 



LITHOLOGY AND WELL COMPLETION 
MONSANTO TW 32 

Figure 

160 -p 

0> 

£180 
a. v 
o 

200 J-

LITHOLOGY 

Cont'd, -from sheet / 
.—V Fresh & AS ALT r~ 
• CINDEKd With SAhJD 
' Fractured Id AS ALT with Sand. 

C!NU>ERS with some Sand 
; and elag. 

Fractured BASALT with sand. 

; End of Borehole 

WELL COMPLETION 

• • 

* • • • •  • # * 

li-Ail 

LEGEND 

Cement Grout 

Benton ite 

Gravel BockfiH 

03 Cave 

\ ^ Casing with drive shoe. 

Scale I in. to 20 ft 

- Golder Associates 



L1TH0L0GY AND WELL COMPLETION 
MONSANTO TW 33 

Figure H-33 

LITH0L06Y 

Ground Surface (5^14.03 0 

'• Fresh BA5ALT 

20 
Fresh, fractured BASALT 

Q> 
£ 40 + 

o. o> 
o 

i Fresh BASALT 

60 

BO -1-

•''"ndu SILT 

Fresh BASALT 
CL-AS? 

- - P racturen fiASALT ana SArJD~ 

Fresh BASALT 

weathered tiASALT 

Fresh BASALT 

Weathered BASALT 
and CINDERS 
End of Borehole 

n 
WELL COMPLETION 

I—10 in. open hole to 3Sft. 

J*—8 in. casing to 35 ft. 

••—S in. open hole to IS ft. 

•4 in. PVC, Sched. 40, 
flush joint thredded. 

5] 
•4 in. PVC screen, 20 slot, 
from 0& to 14 ft 

LEGEND 

I+-1 Cement Grout 

H Bentonite 

13 Gravel Bock fill 

[TH Cave 

^ I Casing with drive shoe. 

Scole I in. to 20 ft 

— Golder Associates 



L ITHOLOGY AND WELL  COMPLET ION 

MONSANTO TW 34  
Figure H-34 

LITHOLOGY WELL COMPLETION 

20-

ft) 
ft) 

a 40 
v 
a 

Ground Surface (589L6>2j 
SUtu CLAY TU i 
weathered SASAL.T 
,5/7 fa CLAY 
weathered BASALT 

Fresh BASALT 

- •  êatft err 
rresh 

E2 
SE± 

nASAu-r 
AS ALT 

60" 

> tel 

* 
« 

i; 

<p 
o 

80  ̂

Loose CINDERS and BASALT 

Fresh BASALT "\_ 

CINDERS and CLAY 
Fresh BASALT 
End of Borehole 

.'•i j—10 in. open hole to 41-ft. 

-^8 in. casing to 47ftcc/" 
at 35 ft ond pulled back 
to 10 ft 

j-l-8 in. open hole to 74 ft. 

4 in. PVCt Sched. 40t 
flush joint threaded. 

t' 3j 4 in. PVC screen, ZO slot, 
from 6>9 to 74 ft 

LEGEND 

Cement Grout 

Bentonite 

G rowel Bock fill 

Cawe 

\ \ Casing with drive shoe. 

Scale I in. to 20 ft 

- Golder Associates 



LITHOLOGY AND WELL COMPLETION 
MONSANTO TW 35 

Figure H-35 

LITHOLOGY 

Ground Surface (5895.03') 
Siltu CLAV 
Fresh BASALT' J 

20 
Weathered BASALT, 

J. occ. sandy. 

40 

60 

80--

o. 01 
O 

I00--

120--

I40-1-

Weathered BASALT 
-BASAuf 

Fresh BASALT 

Clh/OERS 

Fresh BASALT 

SiltLi SAhJD and CINDERS 

Fresh BASALT 

CLAY 
Fractured BASALT 
End of Borehole 

WELL COMPLETION 

S 

!̂Z in. open hole to Z&> ft. 

\~lO in. casing to ZZ. 5 ft. 

J 1  

:|—/o m. Open hole to SI ft 
•4 in. PVC Sched. 40, 
flush joint threoded. 

-p 8 in. casing to 57 ft Cut at 
40 ft. and put led out. 

-•'J 

\—e in. open hole to 128 ft. 

• »  •  
•  '  • »  » » .  

-4in- PVC screen. 20slot 
from 73.5 to 83.5 ft 

0  • .  

0 9 0 0 

LEGEND 

F3 Cement Grout 

Bentonite 

G roue I BookfiH 

fTH Cawe 

Scole I in. to 20 ft J t Casing with drive Shoe. 

— Golder Associates —— 



LITHOLOGY AND WELL COMPLETION 
MONSANTO TW 36 

Figure H-36 

LITHOLOGY 

Ground Surfoce (5904.£>&>') 

End of 3oreho!e 

WELL COMPLETION 

-tO in. open hole to 27 fi. 

J—B in. casing to 2!ft 

^8 in. open hole to 54 ft. 

4 in. Pvc Sched. 40, 
flush joint threoded. 

4in. PVC screen, 20 slot, 
from 49 to 5 4 ft. 

60 J-

> w 
> 

LEGEND 

i-.-l Cement Grout 

Denton ite 

Grovel Book:fill 

0 Cove 

j ^ Casing with drive shoe. 

* 

11 
«sz 

Scole I in. to 20 ft 

- Golder Associates 



LITHOLOGY AND WELL COMPLETION 
MONSANTO TW 37 

Figure H-37 

LiTHOLOGY 

Cjround Surface (3̂ 37.10') 

20--

40- -

60-" 

0> 
V 

80--

a. a> 
O 

100 

* w 
> 

* 
.< 

120 

5Hty CLAY 

Weathered 3A5ALT 

Fresh 3A 5A L T 

Fro c tured 3A 3A L T and 
-- CINDERS 

End of 3oreho/e 

¥> 

£ 
fa 

WELL COMPLETION 

— 10in. open hole to ZOft. 

- 8 in. casing to 20 ft 

—8 in. open hole to lOZft. 

-4 in. PVC Sched. 40, 
flush joint threaded. 

£3—4 in. PVC screen, ZO slot, 
J'J from 93 to tOO ft. 

LEGEND 

Q Cement Grout 

0 Sentonite 

15% Gravel Sack fill 

0 Cave 

^ I Casing with drive shoe. 

Scale I in. to 20 ft 

— Golder Associates 



LITHOLOGY AND WELL COMPLETION 
MONSANTO TW 38 

Figure H-38 

LITHOLOGY 

Ground Surface(S310.34 0 
SLAG 

Silly CLAY 

20-

Fresh BASALT 

40-

S«-T 

60" 
Weathered BASALT 
and sifty CLAY. 

Fresh BASALT 
80--

Q. 
Q> 
O 

CINDERS 

e 
ut 
» 
w 
> 
Ui 

100- Fresh BASALT 
End of Borehole 

WELL COMPLETION 

—10 in. casing to 10 ft. 

—!0 in. open hole to 42 ft. 

-•—8 in. casing to 42 ft. 

•8 in. open hole to 102 ft. 

4 in. PVC Sched. 40, 
flush joint threaded. 

J 

iLly 

•4in. PVC screen, 20 slot, 
from 31.5 to IOI.5 ft. 

120 ± 

* 

O 

frj 

in 
i • 

CD 

# 
o <r 
A. 

LEGEND 

[1^1 Cement Grout 

Bentonite 

Gravel Bock fill 

IM Ca\/e 

<J [ Casing with drive shoe. 

Scole I in. fc 20 ft 

- Golder Associates 



LITHOLOGY AND WELL COMPLETION 

MONSANTO TW 39 
Figure H-39 

LITHOLOGY WELL COMPLETION 

—\ Fresh BASALT 

20--

Q) 
Q> 

a. a> 
O 40-

60 

<5round Surface{5834.99') 
-\ SilTu CLAY 

Weathered 3A3 ALT, 
some &itt 
Fresh S AS ALT 
Weathered BASALT 
and 3/LT. 

Fresh 3A3ALT 

\~—IOin. open hole to Z3 ft-

I 

\—3in. casing to Z3 ft 

I 

" 3 in. open hole to 31ft 

4 in. PVC Sched. 40, 
flush joint threaded. 

11 
CINDERS 
Fresh BASALT 
End of Bore ho/e 

4 in. PVC screen, ZO slot, 
from 30.5 to 55.3 ft. 

LEGEND 

Cement Grout 

Bentonite 

Gravel Backfill 

13 Cave 

j I Casing with drive shoe. 

Scole I in. to 20 ft 

— Golder Associates 



L1THOLOGY AND WELL  COMPLET ION 

MONSANTO TW 40  
Figure H-40 

LITHOLOGY WELL COMPLETION 

-- SMy CLAY 

20 

40- -

Q. 
0> 
o 

B0- -

I00-1-

G round Surfaced 988. 3?') 
SL-*<? 

Fresh 3AS ALT 

-- Fresh 3ASALT 

.~V Sandu SILT~ 
60-- Fresh BASALT 

-V SQndu .-SILT 

Fresh BASALT 

\^-JOin. open hole to 2Zft. 

V-8 in. casing to ZZ ft. 

|—8 in. open hole to 89 ft. 

'4 in. PVC Sched. 40 
flush joint threaded 

CINDERS 

End of Borehole 

r-l 1« 
—4 in. PVC screen, 20 slot, 

from 84 to 89 ft. 

LEGEND 

151 Cement Grout 

H Bentonite 

E3 Gravel Backfill 

f?*1 Cave 

J I Casing with drive shoe. 

Scole I in. to 20 ft 

— Golder Associates 



L ITHOLOGY AND WELL  COMPLET ION 

MONSANTO TW 41  
Figure H-41 

.. Send{j CLAY 

20 + CLAY 

m 

"" Fresh 3A3 ALT 
q. 
Q) 
a 40 

60--

LITH0L0GY 

<5round Surface 

OVERBURDEN 

Weathered BASALT 

~~5ittu sakjd 

Fresh BASALT 
SILT 

.. Fresh BASALT 

Weathered BASALT 
end CINDERS. 

J-

Weo+hered vesricolar f̂ asalt 

End of Borehole 

6 
!•: 

WELL COMPLETION 

~~lO in. open hole to 26 ft. 

i 

-8 in. casing to t& ft. 

ti 
:i 

in. open hole to 6>8rt. 

4 in. PVC shed. 40 
flush joint threaded. 

•I 

fi 
m 

in PVC screen, 20 stdBk 
from SB to 68 ft. a 

» 
£ 
> 

LEGEND 

Cement Grout 

Bentonite 

Gravel Backfill 

Cave 

j ^ Casing with drive shoe. 

Scale I In. to 20 f t  

— Golder Associates 



L1TH0L0GY AND WELL COMPLETION 
MONSANTO TW 42 

i 

Figure H-42 

LITHOLOGY WELL COMPLETION 

Ground Surface 

Si/ty SAND and GRAVEL CF/LL) 

Silty CLAV 

20--

Fresh BASALT 
5/L.T 
Frenh HASAL.T 
SIL.T T 

O 
ft) 

~ 40' 
Fresh BASALT 

Q. 

o 

CLAV 

Fresh vesicular BASALT 

60-i 
!' Sandy SILT 

Fresh BASALT 
Sandy SILT 

Fresh BASALT 

80 
Weathered BASALT and CINDERS 

End at Borehole 

I 

I 

I:-

I:' 

I-' 

f: 
i. 
i ' .  

i'.-

I '  

lii 
9 

1/ 
k'. 

\*—IO in. open hole fa 25 ft 

—B in. casing io Z5 ft. 

I 

j"—<3 in. open hole to 89 fi. 

4 in. FVC sched. 40 • n — i .  r  o u n e u . m r u t  

•J flush joint threaded. 

. \  
I 

•I 

— •A—4-in. PVC screen, Z0sbtt 
— »j MA i . /»i 

>2 from 79 to 89 ft. 

LEGEND 

E3 Cement Grout 

B Bentonite 

[3 Gravel Backfill 

0 Cave 

\ I Casing with drive shoe. 

Scole I in. to 20 ft 

- Golder Associates 



L ITHOLOGY AND WELL  COMPLET ION 

MONSANTO TW 43  
Figure H-43 

LITHOLOGY 

Ground Surface 

20 
• Sandu SILT 

-- Fresh BASALT 

01 
0) 

".40--
q. 
01 
O 

60--

80--

Si/tu SAND and GRAVEL 
(FILL) 

Si/ty CLAY 
Fresh BASALT 

Sandy SILT 

Fresh BASALT 

Weathered BASALTord CINDERS 
• -/Fresh BASALT 

End of Borehole 

WELL COMPLETION 

r. 

I'-' 
K 

i: 
I -
i': 
I;. 

i 

~~lOin. open hole to ZZ ft. 

-8 In. casing to ZZ ft. 

\—8in. open hole to 89 ft. 

. -4 in. PVC sched. 40, 
I flush joint threaded. 

! 
T) 4 in. PVC screen, Zo slot, 

from 84 to 59 ft. 

O 
X 

LEGEND 

Cement Grout 

Bentonite 

£3 Gravel Backfill 

0 Cave 

j I Casing with drive shoe. 

© K 

Scole I in. to 20 ft 

- Golder Associates 



LITHOLOGY AND WELL COMPLETION 
MONSANTO TW 44 Figure H-44 

LITHOLOGY 

Ground Surface 

WELL COMPLETION 

V 3andy CLAY 

20--

-- Fresh 3A3 ALT 

40 J. 5Hty CLAY 

q. 
O) 
O 

60-

* w 
> 

m o 

80-

100-

3i.A<s 

I .  

Fresh 3A5ALT 

; Weathered BA3ALTondCIMDEF5 

; Fresh 3A3 ALT 

L 

/£> /n. casing to /Oft 

|—/O in. open hole to 104 ft. 

8 in. casing to 94ft, 
cut at 31 ft. and put led 
from borehole. 

End of 3orehole 
L_ J  

NOTE 
Following setting 8 in. casing, the drill 
rods could not pass beyond 30ft due 
to creases in the casing. The 8 in. 
cosing could not be pulled from the 
borehole. The 8 in. casing was therefore 
cut at 3! ft. and removed fhom the 
borehole prior to grouting. 

LEGEND 

Cement Grout 

Bentonite 

Gravel backfill 

0 Cave 

J i Casing with drive shoe. 

Scale I in. to 20 ft 

— Golder Associates 



LITHOLOGY AND WELL COMPLETION 
MONSANTO TW44A Figure H-44A 

; Bandy CLAY 

20--

- - Fresh BASALT 

4QBi/ty CLAY 

60-- Fresh BASALT 

w 

80--

o. w 
O 

too--

120--

I60-1-

LITH0L0GY 

Ground Surface 
SLAG 

Weathered BASALTard OUPERS 

-- Fresh BASALT 

Wsa there a vesicular BASALT 
140-- pnd ClbJQERS. 

Frac tured vesicula r 
BASALT. 

-• End of Bore holt 

WELL COMPLETION 

"•—6 in. casing to !Co ft 

I 

I 

p—Bin. open hole to 146 ft. 

I 

J—4 in. PVC sched. 40, 
flush joint threaded. 

\L 

I 

Scale I in. to 20 ft 

— Colder Associates 

h:—4 in. PVC screen , 2D slot, 
from 133 to 148 ft 

A 

LEGEND 

H Cement Grout 

H Bentonite 
0 Grovel Backfill 
0 Co ve 
1 I Cosing with drive shoe. 



T.TTHOLOGY "WELL COMPLETION 

GROUND SURFACE (5957.32 ft.) 

20 — 

40 — 

60 

Cl 
<o 
o 

80 — 

100 — 

120 — 

Brown SILTY CLAY 

Block, to moderately weothered 
BASALT 

Fresh, gray BASALT 

Froctured BASALT ond CINDERS 

Fresh, gray BASALT 

Fractured BASALT ond CINDERS 

Fresh, block BASALT 

Cont'd on sheet 2 

LEGEND 

Cement Grout 

Bentonlte 

Silico Sand 

V' :  

%w 

\ . . .  

\ • •  

t • 

r • %• 
i.. 

G3 Cove 

I I Casing with drive shoe 

I 1 Steel Casing 

f" •' 

10 in. open hole 
to 130 ft. 

4 in. PVC 
schedule 40 

Scale: 1 inch : 20 feet 

f FIGURE H-45 

TEST WELL TW45 LITHLOGY 

AND WELL COMPLETION 
1 MONSANTO 

^**OJ€CTNO 863-1118 CMC NO 1716 o»'t 7 -16 -87  OHOVN JSS iwcvto OB Golder Associates 



140 — 

160 — 

g180 -i 

cl 
Q) 
Q.  

200 — 

IJTHOLOGY 

Cont'd from sheet 1 

Fresh, block BASALT 

CINDERS 

Fresh,.block BASALT 

SILTY CLAY 

Froctured BASALT ond CINDERS 

with silty clay 

Fresh, dork groy - block BASALT 

Froctured BASALT 

Fresh, dork groy — black BASALT 

Froctured BASALT 

220 

240 — 

260 J 

Froctured BASALT ond CINDERS 
with silty cloy 

END OF HOLE 

LEGEND 

a Cement Grout 

WFI.T. COMPLETION 

l-

I I 

Bentonite 

l'-.vj Silico Sand 

N**1 Cove 

i I Cosing with drive shoe 

I I Steel Casing 

8 in. open hole 
130 to 230 ft. 

4 in. PVC 
schedule 40 

4 in. PVC screen 
from 218 to 

228 ft. 

Scale: 1 inch : 20 feet 

/ , FIGURE H-45 x 
' > ? 

TEST WELL TW45 L1THOLOGY 
AND WELL COMPLETION 

-f ..•: (cont) 
MONSANTO 

•«oiea«<o 863-1118 owe NO 2010 D»T£ 7-16-87 OMWNJSS *p»»toi«o DB Golder Associates 



UTHOLOGY 

GROUND SURFACE 

I-: 
S.AC (fill) 

B'9«nlth gray, Cn> BOntfy SILT 

J S.LT end BASA'.T 

"1 
O»on(iih brown, ©tiff &.T 

Jj r?esh. groy BaSa^T 

»j Grongish, brown c'oyey S:L7 

30 -1 
1 fresh, grey BASA'.T 

^ronqish &ro*n "" " 
jj Frcsn. pfov BASALT 

*C —, CINDERS one S.LT 
n 
3-
^ fresh, groy BASALT 

O so 
Grey froctured DASALT, eome sill 

Orongieh brown doysy SILT 
ond CINDERS 

VELL COMPLETION 

60 ^ fresh, grey BASALT 
4 

70 
Froctured. groy BASALT 

H 
End of Hole 

WL—57.6 n I «' 
3/15/86 * '. . 

I 

10 in. boring 
6 In. stee! 
cosing 
0 to 7 ft. 

6 In. boring 
open ho.e 
7 to 73 ft. 

-4 in. PVC 
schedule 40 

t»; 

(• 

. i 
. .i 

•iwjl 4 in. PVC screen 
from 66 to 71 ft. 

60 

LEGEND 

D Cement Grout 

Bentonite 

Sii.cc Sond 

[i3 Cove 

1 t Stee! Cosing 

FIGURE H-46 
TEST WELL TW46 

LITHOLOQY AND WELL COMPLETION 

MMCi no 873-13S1 ck>o 5721 o»it 4/5/88 w.w LDS wwovtaMD 
Golder Aseoclates 



UTHOLOGY 

GROUND SURFACE 

I Dor* groy, stiff SILT (FILL) 

10 -

20 -

30 

\ 

r, *o 

O 50 

60 

80 

60 

Brownish groy, itlff SILT (FILL) 

Orongtsh brown, 8ns sondy SILT 

Froth, groy BASALT 

Brown SILT r 
Fresh, groy'BASALT 

Fractured BASALT end dork groy, herd SILT 

Orenge to dork orongloh brown, 
soft SILT 

ONDERS end dork brown SILT 

Frocturod BASALT ond SILT 

Dork grey CINDERS 

Fresh, grpy BASALT 

Cnd of Hols 

LEGEND 

CD Cement Grout 

IB Bentonlte 

EH Sllieo Sond 

ED Cove 

I I Steel Cosing 

m COMPLETION 

Wl-69.6 T7 

3/15/66 T 

10 brv. boring 
8 b\. steel 
eoslng 
0 to 18 fL 

.L 8 In. boring 
open hole 
16 to 62 ft 

,'| 4 In. PVC 
;• eohedule 40 

L 
aai-« In. PVC ocroen 
'•%% from 77 to 62 ft. 

FIGURE H-47 
TEST WELL TW48 

UTHOLOQY AND WELL COMPLETION - \ 
MONSANTO 

pkojccino 673-1351 0* »o 5738 0»n 4/5/86 oaaw. LOS jpmovcdMO Colder Associate* 



UTHOLOGY 

GROUND SURFACE 

10 -

20 -

30 

X 40 
o> 

X 

& a 50 

60 

Doric brown, sUty grovelly SAND 

Orongtsh brown eloyey SILT 

Fresh, groy BASALT 

CINDERS with ©ronglsh brown 
eilty CLAY 

Fresh, groy BASALT 

\ Brown, sflty CLAY 
Fresh, groy BAS^IT" 

CINDERS ond SILT 

Fresh, groy BASALT 

Fresh, groy BASALT 

BO -

ONDERS 

Fresh. Qroy BASALT 
End of Hols 

LEGEND 

• Cement Grout 

0! Bentonlte 

m Stllco Send 

N. 

GH3 Cove 

I 1 Steel Cosing 

"WELL COMPLETION 

¥ft.»57.0 r? I l» 
3/16/68 • 

n 

10 In. bortng 
6 In. steel 
cosing 
0 to 11 ft 

. . !•— 6 In. boring 
open hole 
11 to 66 ft. 

.4 In. RVC 
schedule 40 

-I 

4 In. PVC screen 
from 76 to 69 ft 

FIGURE H-48 
TEST WELL TW60 

UTHOLOGY AND WELL COMPLETION l w ..Mueitfrn 

MOJCCI NO B7J-1351 o«c NO 5709 BAIC 4/S/8B ON.NN LOS wnniowbUO 
QoWer Associates 



UTHOLOGY 

GROUND SURFACE 

70 -

CO 

_n 

-r, BO 

£ a e> 
O 100 — 

140 

Medium gray, hord BASALT 

Moderate reddish brown, moist. SILT 

Medium grey, fractured BASALT ond 
moderate reddish brown fine to 
medium SAND _ 
Cray, hord BASALT 

Croy. froetured BASALT ond reddish 
brown SAND 

Grey, medium hord BASALT, some 
brown SAND 

Croy. hord BASALT 

Croy. froetured BASALT 

TOLL COMPLETION 

t/2 Inch FVC piezometer — 

Brown slit" CLAY with fine to medium 
red SAND'(Son Lake Fm ?) 

Ton CLAY Interbedded with tuff ond 
conglomerate (Sott Lake Fm) 

6 Inch oteet easing 

12 Inch boring 

Cosing perforations 

Neoprens 
pocker 

8 Inch boring 

6 Inch cosing 

6 inch boring 
open hole 

160 —1 End of Hole 

LEGEND 

• Cement Grout 

H Bentonite 

\//'\ Grovel Pock FIGURE H-49 
TEST WELL TW-51 

LITHOLOQY AND WELL COMPLETION" 
MONSANTO 

BBS-1S00 Dws wo 70B1 0*11 B/23/BBosaw OH wwovoMO 



UTHOLOGY 

GROUND SURFACE 

20 -

40 -

.£ 

X* 

& 
O 100 

120 -

140 

160 

160 

200 

220 

)ork yellowish brown, hord. dry SILT 

Jroy, herd BASALT 

9ro*n SANO end BASALT 

Croy, hord BASALT 

Cioyey SILT end ©ronge oftty SANO 

Brown CLAY 

Croy. freelured BASALT 

Croy. CINDERS (1/2 - 1 Inch) 

Croy. border BASALT 

Croy. Ireetwrod BASALT 

Ton. CLAY 

Croy froetured BASALT ond 
orongish brown fine to medium SANO 

Ton. CLAY, troce SAND 

End of Hole 

LEGEND 

• Cement Grout 

H Bentonlte 

X/Z\ Grovel Pock 

WELL COMPLETION 

I 

WL»6Q.Q n 
6/12/68 T 

•— 1/2 In. PVC pieiometer 

— 

— 6 inch etetl coting 

— 12 inch boring 

I !  

I 
6 inch boring 
open hole 

FIGURE H-50 
TEST WELL TW-B2 

LITHOLOGY AND WELL COMPLETION 
MONSANTO 

MOJCCI KC 6BJ-1S00 OM no 7092 Mil B/23/BB w«w DH wwovto UD 
Golder Associates 



RECORD OF DRILLHOLE TW-53 
PROJECT: MONSANTO/HYDROGEOlOGY/lD 
PROJECT NO: 013-1101.605 
LOCATION SODA SPRINGS ID 

DRILLING DATE: 10/15/92- 10/17/92 
DRILL RIG: SCHRAMM ROTADRILL 
ADDITIVES" Air 

DATUM MSL 
COORDINATES N.366055.24 E6S4739.64 
A2lMUTH:N/A 

Shaet 1 a t  2 

GROUND ELEV:S6763S 
M P. ELEV: 5660.39 
INCLINATION-90* 

it 
s 

DOCK TYPE 

DESCRIPTION 
DEPTH 

irn 

K 

If 
c| 
lis 
sSB 

5 
frii\ 

<c| 
Ia 
*s W Q  

WELL SKETCH 

— MP. 

0'-10'* Loos* to compact, moderate brown (SYR 4/4), kitty 
fine SAND, some dayay sitt and moderately weathered to 
slighty weathered. vesicular. daik trey, medium strong, 
highly fractured BASALT 
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RECORD OF DRILLHOLE TW-54 
PROJECT MONSANTO/HYDROGEOLOGY/tD 
PROJECT NO: 915-1101.605 
LOCATION SOOA SPRINGS ID 

DRILLING DATE: 10/22/92 
DRILL RIG: SCHRAMM ROTADRilL 
ADDITIVES-Ait /Water 

DATUM: MSL 
COORDINATES N: 366052 40 E:655240.50 
AZIMUTH N/A 

Shaat 1 d 2 

GROUND ELEV: 5866-70 
M P. ELEV: 5688.06 
INCLINATION: 90' 

2 

£ 

BOCK TYPE 

DESCRIPTION 
DEPTH 

(FT) 
il 
as M zSB 

WELL ETCH 

3.0 

2.26 

IZW rrSP3-
0''8- Sottt© firm, grayieh oranga J10YR7M). CLAYEY SILT 77"* 0.0 

6'»17*- Soft to firm, modarata yatlowish brown (10YR 6/4). 
CLAYEY SILT and brokan BASALT. 

SB71.70 

17-2 V- Soft to firm, mod*rata yeOowtah Drown (10YR &4), 
SILT, btta day. aaoa fina sand 

-20 5866 70 

2V-2S-. Cindan 

2S'*7&* Sltghfly waalharad to trash. vasicular, dark gray, 
strong to vary strong BASALT 

Imarmtiant tracturas to 29 
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I C .  
b 
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40 Drillhole log eontmad on ne*i page 
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RECORD OF DRILLHOLETW-54 
PROJECT MONSANTOHYDROGEOLOGY/1D DRILLING DATE. 10/22/92 
PROJECT NO. 613-1101.605 DRILL RIG: SCHRAMM ROTADRILL 
LOCATION SQQA SPRINGS, ft) ADPmVES Aff AVaier 

DATUM: MSL 
COORDINATES N: 368052.40 E: 655240 5 
AZIMUTH: N/A 

Sheel 2 of 2 

GROUND ELEV: 5686.70 
M P. ELEV 5868.96 
INCLINATION-80' 

i* g 

—60 

-75 

DOCK TYPE 

DESCRIPTION 

25'-76'- Slightly weathered to froth, vesicular, dark gray, 
strong to very sftong BASALT 

44'«46- Fracture 

Minor dndor zona 

Fragments of reddish titty sand 
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DEPTH SCALE: 1 in. • 5 ft 
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CHECKED: 

DATE: 1/26/83 

FIGURE A-2 (Sheet 2 of 2) 
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RECORD OF DRILLHOLE TW-55 
PROJECT MONSANTO/HYDROGEOLOGY/1D DRILLING DATE: 10/19/92 • 1020/92 
PROJECT NO: 913-1101.605 DRILL RIG: SCHRAMM RDTADRILL 
LOCATION. SOOA SPRINGS ID ADDITIVES'Air 

DATUM: MSL 
COORDINATES N: 369050.20 E: $55739.80 
AZIMUTH; N/A 

Sheet 1 of 2 

GROUND ELEV: 5854.33 
M P ELEV: 5886 33 
INCLINATIQN:90* 

i± g 

ROCK TYPE 

DEPTH 
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ii 

s 
s. S 
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& 
si 
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• 2.90 
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t?/ 
#./ 
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0'U% Very loot# to loose, moderate 
redcfish brown (10R 4/6). SILTY CLAY 

4MC* Loose, pale brown (SYR 5/2) CLAYEY SILT 

-s 

$877.33 
F 
i 

1 
b 

5674.33 

lO l̂ff- Cinders, broken basalt and boulders, 
btte to seme dayey sill 

Iff-22"- Fractured BASALT 

2T+4 -ShgMy weathered to fresh, vesicular, 
dark gray, strong BASALT 
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RECORD OF DRILLHOLE TW-55 
PROJECT MONSANTO/HYDROGEOLOGY.1D 
PROJECT NO 915-1101 605 
LOCATION• SOPA SpRtNGS IP 

DRILLING DATE: 10/1992 • 10/23/92 
DRILL RIG: SCHRAMM ROTADRlLL 
ADDmVES:A«f 

DATUM: MSL 
COORDINATES N: 368050.20 E: 655739.80 
AZIMUTH: N'A 

Sheet 2 ol 2 
GROUND ELEV: 5684.03 
M P. ELEV: 5806.33 
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40 PVC 
screen 
(0.02* slog 

BOH • 69' below ground surlace 

DEPTH SCALE: tin. 5 k 

DRILLING CONTRACTOR: Anckew Well Drilling 

DRILLER-Alfred High ^FGoMer 
'Associates 

LOGGED: C to 

CHECKED: 

DATE: 1/27/92 

FIGURE A"3(Sheet 2 of 2) 
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Golder Associates 



RECORD OF DRILLHOLE TW-56 Sheet d 3 

PROJECT MONSAHTO/HYDROGEOLOGY/ID 
PROJECT NO: 913-1101.605 
LOCATION-SOPA SPRINGS ID 

DRILUNG DATE: 10/34/92 • 10/27/92 
DRILL RIG: SCHRAMM ROTADRILL 
ADDITIVES Air/Water 

DATUM: MSL 
COORDINATES N: 
AZIMUTH. N/A 

367979 10 E: 656276.10 
GROUND ELEV: 5907.70 
M P. ELEV: 5910.00 
INCLINATION 90* 

ROCK TYPE 

DESCRIPTION 
0EPTH 
in) 

5907 70 

K 
*8 
S3 S3S f s i i \  

El 
*9 
IS! 

Eg KS 

r 

WELL SKETCH 

• 3 2 

-2.3 

n / 

s C 

— MP 

0 -7- Soft. moderate yellowish brown 
(10YR5M). CLAYEY SILT 

S900.70 

7-11'« Moderately to slightly weathered, vesicular, broken, 
medum strong BASALT and some soft, yayish orange pink 
(10R 6/2). city fine sand fragments 

11"-17'. Loose, dark yellowish brown (10 YR 
4/2) silty fine SAND and broken BASALT and 
cinders 

17-21'- Broken BASALT and cinders 

2V-31- Shghfly weathered, fractured, dark 
gray, medium strong to strong BASALT 

27-31' - Broken Basalt 

Fresh, dark gray, strong BASALT 
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RECORD OF DRILLHOLE TW-56 
PROJECT MONSANTOWDROGEOLOGY/ID 
PROJECT NO On-11 01 .605 
LOCATION SODA SpRlNGS ID 

DRIIUNG DATE-10/24/92 • 10/27/92 
DRILL RIG : SCHRAMM ROTADRiLL 
ADDITIVES'Air/Waier 

DATUM: MSL 
COORDINATES N : 367970.10 £.656276 10 
AZIMUTH-N/A 

Shaat 2*3 

GROUND ELEV: 5007.70 
M P EL£V: 5910.00 
INCLINATION 90* 

8C 
it 
s 

-75 

ROCK TYPE 

Sr-A*. Rash, dark gray, strong BASALT 

grab** to stong to vary strong 

46 ST- Brckan BASALT ftda dndtrs. Irffia soft to frm. 
moOaraia fcro#n (SYR 5/4) sift 

Modarataty waaiharad to trash, broken, dark 
gray, strong BASALT, IrtSa sifty fins sand 

6 2" •65'. Mnor orders 

70-63 - Broken BASALT, cindars. and Ma sift 

Drillhole log eontinuad on next page - < 
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DEPTH SCALE: 1 in.. 5 tt 
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DATE: 1/27/03 

FIGURE A"4(Sheet 2 of 3) 
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RECORD OF DRILLHOLE TW-56 
PROJECT MONSANTO/HYOROGEOLOGY/1D 
PROJECT NO: 913-1101.60S 
LOCATION SQQA SPRINGS ID 

DRfLUNG DATE: 10/24/92 • 1 a?7/82 
DRILL RIG: SCHRAMM ROTAORILL 
ADDITIVES: Air/Water 

DATUM: MSI 
COORDINATES N: 367979 10 E: 656276.10 
A2IMUTH N/A 

Sheet 3 of 9 

GROUND ELEV: 5907 70 
M P. ELEV: 5910.00 
INCLINATION: 00* 

life 
IE 
is 

ROCK TYPE 

DESCRIPTION 
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78-83'- Broken BASALT, Qnders, and tittle till 

aS'-OO*- Broken BASALT 

-85 

9Cr-W. Cinders 

W-106- Broken and fractured BASALT 

BOH«106' Mow ground surface 
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15807.70 
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screen 
(0.02* slot) 

DEPTH SCALE. 1 m. - 5 ft. 

DRILLING CONTRACTOR: Andrew WeD Drilling 

DRlLLER:Allred High 
, Gokt̂ r 
Associates 

LOGGED: C Tfcte* 

CHECKED: 

DATE: 1/27/93 

FIGURE A"4(Sheet 3 of 3) 
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RECORD OF DRILLHOLE TW-57 
PROJECT. MONSANTOViVDROGEOLOGY/lD 
PROJECT NO 913-1101 905 
LOCATION SODA SPR'NGS ID 

DRILLING OATE: 10/14/92-10/15/92 
DRILL RIG: SCHRAMM ROTADRILL 
ADDITIVES Ai' 

DATUM: MSL 
COORDINATES N: 
AZIMUTH: N/A 

SlVMl 1 of 1 

GROUND ELEV: S9S0 36 
374365 90 E: 654000.2 M P. ELEV: 5952.54 

INCLINATION. 90' 
MOCK TYPE 

DEPTH 
(PT) 

s 
*1 
ss 

£ 
si 

% set 
S3B 

£3 
IS 

fiii\ 

kS 
*?, 

waist ETCH 

0-5 - Loos*, moderate yellowish brown (10YR 5/4) 
CLAYEY SILT 

S'-ff* Loos*, modsrat* yellowish brown (10YR 5M) 
CLAYEY SILT andbroton BASALT 

8'"22*- SligWy w**th*r*d, slightly vasii 
msdium strong to strong BAsALT 

2?*24'* fracture zone, broken BASALT 

24'-2ff- Svong BASALT 

2ff-30". Cinder zone, broken BASALT 

3P-3S.1'- Svong BASALT 
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s 
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*5 gpm 
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sand 

1252 

C-1640 uSfcm <: 

s S  / U 

I-

* *10*00*0 
 ̂ htf* *i 
-8" steel 
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-4*Sch. 
40PVC 

B'epen tMt* 

BOH • 35.1 below ground surtao* 

DEPTH SCALE: 1 in. «S ft 

DRILUNG CONTRACTOR: Andrew WeD Drilling 

DRILLER: AJIred High 
^FGolder 

'Associates 

LOGGED: C.Tbtes 

CHECKED: 

DATE: 1/27/93 

FIGURE A-5 
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RECORD OF DRILLHOLE TW-58 (Test Well) 
PROJECT: MONSANTOHYDROGEOLOGY/lD 
PROJECT NO: 813-1101.605 
LOCATION: SOOA SPRINGS. ID 

DRILLING DATE: 11/2/82 • 11/4/82 
DRILL RKS: SCHRAMM ROTADRILL 
ADDfTIVES:Aif/Wf f 

DATUM: MSL 
COORDINATESN:368880.20 E: 655456.20 
AZIMUTH: N/A 

Sheet 1 d 2 

GROUND ELEV: 588824 
M.P. ELEV: 5882.74 
INCLINATIONS* 

8B 
!* 
s 

ROC* TYPE 

DESCRIPTION DEPTH 
<FT> E 5 

fin\ 

Is 
*1 

O'-C- SefL mod*rata yellowish brown (10YR5M), CLAYEY 
SILT, btte basalt fragmerra 

16*49- Stighdy weathered io fresh, vesicular. datfc yay. 
Strang BASALT 

-20 

27*29* Fracture 

30*41'* Fracture 

Drillhole log cootirvad on nasi page 

8'*16'* Soft, moderate yellowish brown (10YR5/4) CLAYEY 
SILT and broken BASALT fef 
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OEPTW SCALE: 1 in. • 5 ft. 

DRILUNG CONTRACTOR. An* ew Well Drilling 
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'Associates 
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RECORD OF DRILLHOLE TW-58 
PROJECT: MONSANTO/HYDROGEOLOGY/1D 
PROJECT NO: 913-1101.60$ 
lOCATION:SOOA SPRINGS ID 

DRILLING DATE: 10AM -10/20/9S 
DRILL RIG: SCHRAMM ROTADRILL 
ADDmVES:Air/WBter 

DATUM: MSL 
COORDINATES N: 368960.20 E: 655456.20 
A?IMl/TH: N'A 

ShMl 2 of 2 

GROUND ELEV: 5680.64 
M.P. ELEV:56Q2.?4 
INCLINATION: 90' 
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ROCK TYPE 
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DATE: 1/27/92 
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USE 'T'.'PEVVRITErt OR 
flBALL POINT PEN 

State of Idaho 
Department of Reclamation 

WELL DRILLER'S REPORT 
: V State law, requires .that, this report.be filed,^Wlth-the^tate,jgeclamati6o^§3fl|neei?«, 

• " ' " i within 30 days after completion or abandonment of the well. * 

1. WELL OWNER 

Name J t./' A' A/ 1 p/A h /? / P>— 

' Address. ."wm />yv?/.-/<r.r /A 

; Owner's Permit No.. 

2L -NATURE OF WORK 

f.-'Ê  New well • Deepened • Replacement 
; • , •' r(* 
». p'Abandoned (describe method of abandoning) 

/ 1 ' 

Diseharpe G.P.M. ••" DrawOown , > • Hours Pumped ; • , •' r(* 
». p'Abandoned (describe method of abandoning) 

/ 1 ' 

• X o  ,-v., • • TKX"-' , - -' 
; • , •' r(* 
». p'Abandoned (describe method of abandoning) 

/ 1 ' 
»• •• • 

; • , •' r(* 
». p'Abandoned (describe method of abandoning) 

/ 1 ' ' »'* " f J* ' 
• i .  

3., PROPOSED USE 

> Domestic • Irrigation • Test 

• Municipal • Industrial • Stock 

4. METHOD DRILLED 

' jj Cable • Rotory • Dug • Other 

S. WELL CONSTRUCTION 

inches Total depth <tV' feet 
'Casing schedule: -J2) Steel • Concrete 

'* From To * 

inches / / feet feet 
feet 

• feet 
'feet 
feet 

*'!: Diameter of hole *•> 

:. : - Thickness .Diameter 

2.9 C inches ri 
'L, inches 

inches 
_ inches 

inches 

J 
inches 
inches 
inches 
inches 

. feet 
_ feet 
_ feet 

feet' 
V. •' ' 

' Was a packer or seal used? • Yes • No 
. Perforated? D Yes • No 

i 'How perforated? • Factory • Knife J3 Torch 
:> Size of perforation inches by 3f- inches 

Number From To 

;.-!V /4 perforations 
perforations 
perforations 

JHL- feet 
feet 
feet 

Ca- feet 
feet 
feet 

M r 
Well screen installed? 

. Manufacturer's name. 
-Type 

• Yes • No 

Model No.. 
; , Diameter Slot size Set from. 

". Diameter Slot size Set from. 
.feet to. 
.feet to. 

.feet 

.feet 

! . JGravel packed? . • Yes • No .Size of gravel. 
.-'.Placed from ' feet to I * _1 feet 

•i.'j:*..'*' ' 
V .' Surface seal? Yes • No To what rienrh fnnt 

-• Material used in seal JD Cement grout ,• Puddling clay 

6, LOCATION OF WELL 

' .'Sketch map location must agree with written location. 

% ' • ' 

•isyi . 
'J Ii;. • ' ". 

. ''' ' 
. 

. " 
•• '-finnntv ( A'F\ I fin1 

t 
t 

I 

« 
 ̂ • 

1 
i i 

1 
- ' 

*•? Q 
'V !,«' 

V.".:-.-4/1' KA'/T •/. Sec. V-' T. f .N/S, R. f / F.M 

7,,WATER LEVEL > - -V-' 
;'::v:<.r.;. >. /-A• •;• '• .\v-/.'./V 

Static water levelfeet below land surface 
Flowing?  ̂ • Yes.. • No G.P.M. flow 

i'*Temperature • • " F. Quality • •̂"Temperature F. Quality 
y .̂Artesian closed-in pressure' 
*:'' Controlled by • Valve r 

-D.S.I.* ..f 
• Cap • Plug 

8AWELL TEST DATA; 'i 
. . I" " ' •' '..b . i 
• Pump• Bailer-. V''Other 

i .V \  - .  
. I 

9. LITHOL0GIC LOG 
Hole 
Diam. 

' '  i 

Depth 

From 

/rr 
:u 
siz. 
£-L. 

LZ— 
3£1 
11 

£4L 

Material 

J.AVA Mirjf •/- C''A'1 
CAftvtCSb XA\'A T 

/ • 4M - ' •;:yi 
Rn.k'ry/ lAW cTrfT-

' MRt> •-

r. I  ' • • I ,  ' ii  _—•-+. 
: ' • I . , { •  

> Y* ..1 i ' • ? v-.V-tw 

•• . /• -• •». t  +1 • .̂.••Sa-.,< ,v? 
: —-J*} , 

to.*, ; *• - ' 

Weter 
Y« 

jf, 

No 

10. 
V 
! ' 

Work started - f̂inished̂ 1̂  

11. DRILLER'S CERTIFICATION 
' This well was drilled under my si 

; true to the best of my knowledg 

•Si .- • 
• .y ^ Driller s or Firm s Name r, \. 

. r' "Address ' ^ / , '• 

•:;• Signed By M. Y 



USE TYPEWRITER OR 
BALL POINT PEN 

uuuuuTludTTu 
Department of Water Administration 

WELL DRILLER'S REPORT 
State law requires that this report be filed with the Director, Department of Water Administration wl^jflBOo ̂  _ 

days alter the completion or abandonment of the well. 

1. WELL OWNER 

Nam Lf..^ U. 

S c r U 3 , 2"̂ . 

Owner s Permit No. —— 

2. NATURE OF WORK 

J^T New well O Deepened O Replacement 

O Abandoned (describe method of abandoning! 

3. PROPOSED USE 

pf Domestic • Irrigollon • Tail • Other (specify type) 

• Municipal • Industrial • Stock • Wotte Dlsposol or 
Injection 

4. METHOD DRILLED 

'n Cable $ Rotory D Dug D Other 

5. WELL CONSTRUCTION 

Diameter of hole .ZJk inches Total depth ^cELlee, 
Casing schedule: (2f Steel D Concrete 

• Thickness ^Dl.meter Prom To 

. A inches inches e / feet / f 'eat 
LSC Indies 7 "I. O. inches A * feet .J F . feet 

• 3. 7 r inches S"X.P. inches J I... leet jLLS- feet 
inches inches feet • ^®®f 
inches inches ____ fe®t f®®t 

Was a packer or seal used? • Yes BT No 
Perforated? (Z Yes • No 
How perforated? (Z Factory IZ Knife • Torch 
Size of perforation ^/u" inches by. " inches 

Number From To 

i. t perforations if ? feet F 
perforations feet _____ 
perforations feet 

feet 
feet 
feet 

Well screen installed? 
Manufacturer's name. 
Type 

• Yes 11 No 

Model No.. 
Diameter Slot size Set from . 
Diameter Slot size Set from. 

. leet to. 

. feet to. 
. feet 
. feet 

Gravel packed? • Yes (8 No Size of gravel. 
Placed from feet to 

Deoaninem 0i .,J!m 

Eesieri t 

7. WATER LEVEL — — ic.rj rjj 
Nr I Ut!:̂ e 

Static water level ...A . ?_ Ie®t below land surface 
Flowing? U Yes CJT No G.P.M. flow 
Temperature V 4 ° F. Ouality G c f e> 
Artesian elosed-in pressure p.s.i. 
Controlled by O Valve • Cap • Plug 

8. WELL TEST DATA 

• Pump • Bailer (Z* Other 

Discharge 6 .P.M. 

r? ? 
Draw Down Hours Pumped 

9. LITHOLOUIC LOG 

. feet 

Surfoca tool depth. J-L Material wed In tool fjf Cement grout 
• Puddling cloy • Well cuttings 

Seeing procedure weed • Starry pit B "ft and"I eurfoce ceemg 
QJ Overbore to eeol depti 

Holt Oepth 
Moterlel 

We 

Ye. 

91 
No Diem. From To Moterlel 

We 

Ye. 

91 
No 

h.Y« 6 7 /r 
ii ? tl //•SfJ AfAtJrVc Lava jr 

7̂ f AY // 1/ '/ r 
W 7 Y /fere/ C-,A/r?e.r-s ? 

x V 
L Y* 

M 1 «r 
3 7 
y/ 

H 3 r J /)/9 SJl/e. / 9 1/rt 

n > t '' * 
a V/ YA- RrtK e. J is/! A , 
a ** - T4 //a fJ Ala ir/Fc / a Vi* K 
ft JC9- r. • <• * , 'e « d I -P l/ t> 
ft JCX /e 5 AY* , J 1 v r J K 

1 

1 

H 
1 

6. LOCATION OF WELL 

Sketch map location must agree with written location/ f j 

I 

- i -

Subdivision Nome. 

Lot Ho.. . Bock No.. 

rvu.n.y C-*r,l,er 

y i '/. S £ '/. Sac _dc T. 7 -w/s r. 4*2- E/ty 

10. 
Work started. 7~ 2- % • 7 Y linished ^ ^ ^ ^ 

II. DRILLERS CERTIFICATION 

Firm Nom. I > ' ~ C 

ff-K T*Y 
W>J<p5. 

Signed by IFirm Oflictol), f) *-y 
and 

(Op Motor) 

.  ( •  u 

USE ADDITIONAL SHEETS IF NECESSARY FORWARD THE WHITE COPY TO THE DEPART 



APPENDIX H-2 

GEOPHYSICAL BOREHOLE LOGS 

Golder Associates 
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FIGURE B-1 
NATURAL GAMMA LOG (PRIOR 

TO WELL COMPLETION) -TW-53 
MONSANTO/PHASE II RI/ID 

PROJECTN0.9131101.60B DRAWING NO. 45205 DATE 3/23/93 DRAWN BY EA G older Associates 
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TOOL CALIBRATION TOOL = 95 IOC SERIAL NUMBER : 751 

CREATE CAL-nnE SRCE SENSOR RESPONSE ST riNDARD 
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FIGURE B-3 
NATURAL GAMMA AND INDUCTION LOGS 

(AFTER WELL COMPLETION) - TW-53 
MONSANTO/PHASE II Rl/ID 

f) — I f 
/VI ̂  

PROJECT NO. 913 1101.608 DRAWING NO. 45207 DATE 3/23/93 DRAWN BY EA Golder Associates 
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FIGURE B-4 
NATURAL GAMMA LOG (PRIORTO 

WELL COMPLETION) -TW-54I 
MONSANTO/PHASE II RI/ID 

PROJECT NO. 913 1101.608 DRAWING NO. 45208 DATE 3^V93 DRAWN BY EA Golder Associates 
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FIGURE 6-5 
RESISTIVITY AND SPONTANEOUS POTENTIAL 
LOGS (PRIOR TO WELL COMPLETION)-TW-54 

MONSANTO/PHASE II Rl/ID 

PROJECT NO. 913 1101.608 DRAWING NO. 45209 DATE 3/23/93 DRAWN BY EA Golder Associates 
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FIGURE B-6 

NATURAL GAMMA AND INDUCTION LOGM 
(AFTER WELL COMPLETION) - TW-sW 

MONSANTO/PHASE II RI/ID 

PROJECT NO. 913 1101.608 DRAWING NO. 45210 DATE 3Y23/93 DRAWN BY EA G older Associates 
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FIGURE B-7 
NATURAL GAMMA LOG (PRIOR TO 

WELL COMPLETION) -TW-55 
MONSANTO/PHASE II RI/1D 

PROJECTNO.913 1101.608 DRAWING NO. 45211 DATE 3/23/83 DRAWN BY EA GOldBf ASSOCiStGS 



FIGURE B-8 
RESISTIVITY LOG (PRIOR TO 
WELL COMPLETION) -TW-5 

MONSANTO/PHASE II RW 

PROJECT NO.913 1101.608 DRAWING NO. 45212 DATE 3/23/93 DRAWN BY EA GOldST ASSOCIStGS 
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FIGURE, B-9 
NATURAL GAMMA AND INDUCTION LOGS 

(AFTER WELL COMPLETION) - TW-55 
MONSANTO/PHASE II RI/ID 

PROJECT NO. 913 1101.608 DRAWING NO. 45213 DATE 3/23/93 DRAWN BY EA Golder Associates 
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FIGURE B-10 
NATURAL GAMMA LOG (PRIOR T< 

WELL COMPLETION) -TW-S 
MONSANTO/PHASE II RI/ID 4 /ID j 

PROJECT NO. 913 1101.608 DRAWING NO. 45214 DATE 3/23/93 DRAWN BY EA Golder Associates 
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FIGURE B-11 

RESISTIVITY AND SPONTANEOUS POTENTIAL 
LOGS (PRIOR TO WELL COMPLETION) -TW-56 

MONSANTO/PHASE II RI/ID 

PROJECT NO.913 1101.608 DRAWING NO. 45215 DATE 3/23193 DRAWN BY EA Golder Associates 
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FIGURE B-12 _ 
natural gamma and induction logsjb 

(after well completion) - tw-56̂  
MONSANTCVPHASE II RI/ID 
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FIGURE B-l 3 
NATURAL GAMMA LOG (PRIORTO 

WELL COMPLETION) -TW-57 
. MONSANTO/PHASE II RMD 

PROJECT NO. 913 1101.608 DRAWING NO. 46217 DATE 3/23/93 DRAWN BY EA Golder Associates 
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FIGURE B-14 
RESISTIVITY AND SPONTANEOUS POTENTIAl 
LOGS (PRIOR TO WELL 

MTANEOUS POTENTIAL^ 
COMPLETION) -TW-5^P 

MONSANTO/PHASE II RI/ID  ̂
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APPENDIX H-3 

GEODETIC SURVEY: ALL WELLS 

Goider Associates 



2/15/94 COORDINATES AND ELEVATIONS OF WELLS AND SPRINGS Page 

Location Northing Easting Ground Measuring Point Units Measuring Point (MP) 

Elevation Elevation 

BOYSCOUT SPRING 366054.41 658946.89 5907.78 ft Water surface 

CALF SPRING 367966.12 654239.97 5858.47 ft Water surface 

DOC KACKLEY SPRING 368490.40 652014.93 5847.58 ft Water surface 

FINCH SPRING 367286.08 658455.28 5913.49 ft Water surface 

FORMATION SPRING 376564.29 667860.94 6149.26 ft Water surface 

HOMESTEAD SPRING 365703.56 653195.54 5815.86 ft Water surface 

HOOPER SPRING 369420.63 651592.41 5853.78 ft Water surface 

KELLY PARK SPRING 365348.11 659160.54 5897.72 ft Water surface 

LEDGER A SPRING 365444.23 659950.57 5917.38 ft Water surface 

LEDGER B SPRING 365264.77 660092.44 5911.08 ft Water surface 

LEDGER C SPRING 365114.50 660086.95 5905.28 ft Water surface 

MORMON A SPRING 367870.46 654111.71 5850.60 ft Water surface 

MORMON B SPRING 367814.11 653798.08 5843.55 ft Water surface 

MORMON C SPRING 367649.22 653446.85 5834.01 ft Water surface 

SOUTHWEST SPRING 369518.22 652795.12 5859.25 ft Water surface 

HARRIS WELL 368317.90 654651.32 5878.78 5877.56 ft Top of steel 1" pipe 

LEWIS WELL 366022.93 655889.54 5863.35 5864.35 ft Top of steel well-cap 

PW-01 372453.32 656074.00 5986.60 5987.37 ft Small hole in well base 

PW-02 371836.27 656082.36 5986.40 ft No water-level access 

PW-03 371587.10 656086.26 5988.60 5988.58 ft Small hole in well base 

PW-04 375506.05 655863.68 5990.80 ft No water-level access 

TW-02 375493.01 655588.76 5989.00 5989.06 ft Top of steel casing 

TW-03 369101.00 654233.00 5880.30 ft Well abandoned 

TW-04 369101.00 654233.00 5880.10 ft Well abandoned 

TW-05 372828.00 654238.00 5957.00 ft Well abandoned 

TW-06 372828.00 654238.00 5957.10 ft Well abandoned 

TW-07 369004.33 654371.73 5884.50 5885.11 ft Top of PVC well cap 

TW-08 369003.99 654360.29 5884.70 5884.88 ft Top of PVC well cap 

TW-09 368986.08 656682.08 5883.90 5884.91 ft Top of coupling 

TW-10 368989.74 654367.10 5884.40 5885.53 ft Top of seal 

TW-11 368986.08 656682.08 5936.60 5938.03 ft Top of coupling 

TW-12 369017.37 656681.35 5937.60 5939.23 ft Top of seal 

TW-13 374932.31 658465.83 5986.40 5988.15 ft Top of seal 

TW-14 374949.49 658474.42 5986.50 5988.59 ft Top of PVC casing 

TW-15 374947.60 658454.43 5986.50 5988.27 ft Top of seal 

TW-16 374541.55 654567.41 5996.90 5998.39 ft Top of seal 

TW-17 374539.37 654587.61 5996.40 5998.33 ft Top of seal 

TW-18 374520.88 654587.13 5994.60 5996.89 ft Top of seal 

Ttf-19 368984.85 655519.33 5891.20 5893.07 ft Top of PVC casing 

TW-20 368975.43 655503.64 5891.80 5893.37 ft Top of seal 

TW-21 368969.43 655528.89 5891.50 5893.68 ft Top of coupling 

TW-22 371421.14 654280.62 5952.40 5954.70 ft Top of seal 

TW-23 371421.83 654265.62 5952.40 5954.52 ft Top of seal 

TW-24 371435.86 654273.24 5952.50 5954.43 ft Top of PVC casing 

TW-25 372218.00 655264.00 5995.80 ft Well abandoned 
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Location Northing Easting Ground 

Elevation 

Measuring Point 

Elevation 

Units Measuring Point (MP) 

TW-26 372217.87 655264.35 5995.60 5991.42 ft Top of seal 

TW-27 372218.00 655264.00 5995.60 ft Well abandoned 

TW-28 375486.33 654189.48 5987.00 5989.40 ft Top of seal 

TW-29 375471.82 654187.34 5987.70 5989.59 ft Top of coupling 

TU-30 373594.42 655794.00 5991.00 5992.73 ft Top of coupling 

TW-31 372539.79 657709.67 5973.90 5975.29 ft Top of PVC casing 

TW-32 372539.63 657696.82 5974.10 5975.91 ft Top of coupling 

TW-33 372526.92 657699.47 5974.00 5975.68 ft Top of seal 

TW-34 368993.91 655496.74 5891.60 5893.43 ft Top of coupling 

TW-35 369036.29 655076.56 5895.00 5897.16 ft Top of seal 

TU-36 369828.74 654892.25 5904.70 5906.81 ft Top of seal 

TU-37 372837.18 654245.63 5957.10 5959.17 ft Top of seal 

TW-38 370446.40 656523.94 5970.90 5972.91 ft Top of PVC casing 

TW-39 369036.99 655061.98 5895.00 5897.07 ft Top of seal 

TU-40 373122.39 655757.09 5988.30 5989.94 ft Top of seal 

TU-41 373505.54 655621.80 5991.50 5994.31 ft Top of coupling 

TU-42 373178.57 655840.05 5987.90 5990.07 ft Top of seal 

TU-43 373141.22 655697.28 5986.70 5989.12 ft Top of seal 

TW-44 373110.02 655766.66 5987.40 5989.41 ft Top of seal 

TW-45 372827.62 654238.16 5957.30 5959.17 ft Top of coupling 

TW-48 375520.55 655978.20 5987.80 5989.19 ft Top of seal 

TU-49 374930.77 656071.52 5995.90 5996.94 ft Top of seal 

TU-50 373849.68 656040.74 5992.00 5992.94 ft Top of seBl 

TW-51 374323.79 657503.66 5994.60 6001.57 ft Top of ext. steel casing 

TU-53 368055.24 654739.84 5878.35 5880.65 ft Top of coupling 

TW-54 368052.39 655240.53 5886.70 5889.21 ft Top of coupling 

TW-55 368050.24 655739.76 5884.33 5886.58 ft Top of coupling 

TW-56 367979.10 656276.06 5907.70 5910.20 ft Top of coupling 

TW-57 374365.91 654000.20 5950.36 5952.74 ft Top of coupling 

TU-58 368980.16 655458.20 5889.84 5892.74 ft Top of steel casing 



A .  A .  H U D S O N  
and 

ASSOCIATES 

Jl/S-'llU/.odU I 

14166 CLEVELAND RD. 
PRESTON. IDAHO 83263 

(208)427-6214 

40 EAST HOOPER AVE. 
SODA SPRINGS IDAHO 83276 

(208)547-4141 

Golder Associates 

Mr. David Banton 
Golder Associates 
4104 148 th Avenue NE 
Redmond, Washington 98052 

November 21, 1991 

Dear Mr. Banton, 

I have completed the Monsanto Monitoring Well Survey and am 
forwarding the results to you with this letter. I am sending a hard 
copy of the coordinates and elevations of the wells and springs 
besides a computer disk with the same information in ASCII files. 

All the surveys were completed to Third Order accuracy as 
required. The horizonal control was finished on November 14 and the 
vertical control was completed on November 20. We picked up the 
a^diJio£al P°ints y°u requested by phone and we also located the head 
S So"ihwest Spring along with the point at the culvert that Bob 
Geddes said you were using as a measuring point. Bob Geddes showed us 
the measuring points at Formation Ponds and they are labelled in our 
coordinate list as A through E, with point C being the top of a rebar 
on the head gate structure. 

Please review the data and let me know if you have any 
questions. It has been a pleasure performing this work for Golder 
Associates and Monsanto Company. 

Alex Hudson, PLS PE 

OA 

'I 
P f ! ' 7 / rj 

L A N D  S U R V E Y O R S  C I V I L  E N G I N E E R S  



A .  A .  H U D S O N  
and 

ASSOCIATES 
14166 CLEVELAND RD. 40 EAST HOOPER AVE. 
PRESTON, IDAHO 83263 SODA SPRINGS IDAHO 83276 

(208)427-6214 (208)547-4141 

MONSANTO WELL ELEVATIONS 

NUMBER TOP OF 
PCcTLCTior CASING 

TW-7 5885.11 
TW-8 5884.88 
TW-9 5884.93 
TW-10 5885.74 
TW-11 5937.93 
TW-12 5939.28 
TW-13 5988.36 
TW-14 5988.75 
TW-15 5988.46 
TW-16 5998.57 
TW-17 5998.54 
TW-18 5997.03 
TW-19 5833.24 
TW-20 5893.48 
TW-21 5893.62 
TW-22 5954.92 
TW-23 5954.60 
TW-24 5954.60 
TW-25 
TW-26 5991.32 
TW-27 
TW-28 5989.65 
TW-29 5989.62 
TW-30 5992.68 
TW-31 5975.53 
TW-32 5975.85 
TW-33 5975.84 
TW-34 5893.51 
TW-35 5897.34 
TW-36 5907.04 
TW-37 5959.27 
TW-38 5973.06 
TW-39 5897.26 
TW-40 5990.07 
TW-41 5994.24 
TW-42 5990.61 
TW-43 5989.32 
TW-44 5989.60 
TW-45 5959.17 

MEASURING TOP OF 
POINT CONCRETE 

5885.11 5883.31 
5884.88 5883.64 

5883.02 
5885.53 5883.97 

5936.51 
5939.23 5937.38 

5985.92 
5988.59 5986.04 
5988.27 5985.88 
5998.39 5996.26 
5998.33 5995.83 
5996.89 5994.14 
5893.07 5890.74 
5893.37 5890.92 

5890.86 
5954.70 5952.44 

5951.74 
5954.43 5952.13 

5991.42 5988.43 

5989.40 5986.45 
5986.91 
5990.04 

5975.29 5973.15 
5975.91 5973.40 
5975.68 5973.57 

5891.01 
5897.16 5894.63 
5906.81 5904.51 
5959.17 5956.25 
5972.91 5970.19 
5897.07 5894.50 
5989.94 5987.62 

5991.45 
5987.91 

5989.08 5986.70 
5987.41 
5956.38 

L A N D  S U R V E Y O R S  C I V I L  E N G I N E E R S  



MONSANTO WELL ELEVATIONS 
(CONT) 

WELL TOP OF STBOL 
P0Ji6cIJO«- CASING 

MEASURING 
POINT 

TW-46 
TW-47 
TW-48 5989.13 
TW-49 5997.06 
TW-50 5993.06 
TW-51 5995.57 

P W 1 5987.39 
5986.60 

P W 2 5987.20 
5986.35 

P W 3 5989.00 

5988.58 

P W 4 5990.80 

SULFURIC ACID 
BLDG. WELL 

5996.94 
5992.94 

TOP OF 
CONCRETE 

5986.88 
5994.93 
5991.16 

pump housing 

base plate 

5989.06 
5988.52 

"f11 ®lev*tion on coor. list is to the top of the 1" 

SS fio" of the welChouse? ̂  Vertioal casin*- " i. 5.0 ft. fro® 



Coordinate File Name: SPCS.CRD 
Job # : 91181 

Lowest pt #: 1 Highest pt #: 93 

Description: COORD. AND ELEV. OF TEST WELLS, SPRINGS, TIE PTS., ETC., IN STATE 
LANE CRD. 
# of chars, in point descr.: 30 

FROM TYPE BEARING DISTANCE TO NORTHING EASTING 

LIST POINTS 
POINT NORTHING EASTING ELEVATION DESCR 

1 368984.848 655519.331 5893.240 TW-19 
2 368993.915 655496.735 5893.510 TW-34 
3 368975.429 655503.645 5893.480 TW-20 
4 368969.431 655528.892 5893.620 TW-21 
5 369036.289 655076.558 5897.340 TW-35 
6 369036.991 655061.984 5897.260 TW-39 
7 369004.331 654371.731 5885.110 TW-7 
8 369003.987 654360.293 5884.880 TW-8 
9 368992.859 654347.299 5884.930 TW-9 
10 368989.741 654367.096 5885.740 TW-10 
11 369045.752 654248.397 5880.270 

12 
EFFLUENT TOP SW C HD GATE 

12 369828.741 654892.254 5907.040 TW 36 
13 370243.174 654264.125 •1-00. 506 1/2" RB #36 
14 371435.863 654273.245 5954.600 TW 24 
15 371421.831 654265.621 5954.600 TW 23 
16 371421.142 654280.624 5954.920 TW-22 
17 374520.875 654587.131 5997.030 TW-18 
18 374539.372 654587.610 5998.540 TW-17 
19 374541.553 654567.409 5998.570 TW-16 
20 374930.767 656071.524 5997.060 TW-49 
21 375520.551 655978.204 5989.130 TW-48 
22 375494.273 655849.477 6-0.111 

23 
SWcWELL HOUSE 4 

23 375514.520 655848.713 67.065 

24 
NWc WELL HOUSE 4 

24 375482.601 655577.988 00.653 

25 375471.558 
SEc SULFURIC ACID BLDG. 

25 375471.558 655558.734 66.375 

26 
SWc SULFURIC ACID BLDG 

26 375485.524 655550.763 £ & o py r> TTUTCT o 

27 375486.326 
NWc SULFURIC ACID BLDG 

27 375486.326 654189.479 5989.650 TW 28 
28 375471.819 654187.338 5989.620 TW-29 
29 375501.586 654189.811 64;-8-P7 

30 
1 / 2 " RB OLD AT 

30 372827.616 654238.161 5959.170 TW 45 
31 372837.182 654245.632 5959.270 TW-37 
32 375506.052 655863.683 5990.800 PLANT WELL 4 
33 375578.935 658840.806 0.000 

34 
FC AT NEc PLANT 

34 374947.598 658454.426 5988.460 TW-15 
35 374949.495 658474.424 5988.750 TW-14 
36 374932.313 658465.829 5988.360 TW-13 
37 374323.786 657503.663 5995.570 TW-51 
38 372539.789 657709.675 5975.530 TW-31 
39 372539.633 657696.816 5975.850 TW-32 
40 372526.916 657699.470 5975.840 TW-33 
41 373849.676 656040.742 5993.060 TW-50 



42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 

55 

56 

57 
58 

POINT 

373594 
373505 
372217 
373141 
373122 
373110 
373178 
372453 
372486 
371726 
371836 
371587 
371600 

.415 

. 539 

.867 

.225 

. 393 

.017 

. 566 

.322 

.244 

.426 

.268 

. 103 

.289 

371600.580 

371581.936 

370446.403 
369054.975 

NORTHING 

59 369017.372 
60 368986.082 
61 368967.395 

62 368490.397 

63 369420.630 

64 369518.224 

65 368317.898 

66 367286.077 
67 365348.111 

68 365916.354 

69 366054.408 

70 366346.214 

71 365464.446 

72 365444.232 

73 365264.769 

74 365178.385 

75 365114.495 

76 364680.754 

77 367966.118 
78 367997.695 

79 367870.457 

655793 
655621 
655264 
655697 
655757 
655766 
655840 
656074 
656012 
656023 
656082 
656086 
656081 

. 996 

. 798 

. 352 

.276 

.088 

.662 

.053 

.004 

. 727 

. 670 

.361 

.258 

.343 

656099.834 

656100.134 

656523.940 
656717.012 

EASTING 

656681.352 
656682.079 
656729.673 

652014.933 

651592.412 

652795.118 

654651.321 

658455.282 
659160.539 

659001.186 

658946.892 

659716.466 

659904.477 

659950.571 

660092.442 

660146.926 

660086.945 

660325.425 

654239.966 
654139.602 

654111.708 

5992.680 
5994.240 
5991.320 
5989.320 
5990.070 
5989.600 
5990.610 
5987.390 

0.000 
0.000 

5987.200 
5989.000 

0.000 
NWc 

0.000 
NEc 

0 . 0 0 0  
SEc 

5973.060 
0 . 0 0 0  
1 / 2 "  

ELEVATION 

TW-30 
TW-41 
TW-26 
TW-43 
TW-40 
TW-44 
TW-42 
PLANT WELL 1 
MONSANTO CP 
MONSANTO CP 
PLANT WELL 2 
PLANT WELL 3 

WELL HOUSE 3 

WELL HOUSE 3 

WELL HOUSE 3 
TW 38 

RB OLD AT 
DESCR 

5939.280 TW 12 
5937.930 TW-11 

0 . 0 0 0  
FC AT SEc PLANT 

5847.580 
KAKLEY SPRING 

5853.780 
HOOPER SPRING 

5859.250 
SW SPRING IN FIELD 

5878.780 
HARRIS WELL SWG-SEE ELEV SHT. 

5913.490 FINCH SPRING 
5897.720 

CULVERT KELLY/GOLDER 
5907.220 

KELLY SPRING 2 
5907.780 

BOYSCOUT SPRING 
5969.220 

FISH POND ABOVE LEDGE SPRINGS 
5917.380 

SPRING HOUSE 5 WATER ELEV 
5917.380 

SPRING HOUSE 5 WATER ELEV 
5911.080 

SPRING HOUSE 4 WATER ELEV 
5914.290 

SPRING HOUSE 4 WATER ELEV. 
5905.280 

SPRING HOUSE 2 WATER ELEV. 
5903.680 

SPRING HOUSE 1 (LOWEST) WATER 
5858.470 CALF SPRING 

MORMON A SPRING HSE 
5850.600 



80 367814.111 

81 367649.224 

82 368958.797 

83 365703.561 

84 366022.932 
85 376557.506 

86 375295.382 

87 375665.675 

88 375762.270 
89 375851.123 

90 376109.191 

91 376564.275 

92 373836.614 

93 375493.007 

653798.076 

653446.845 

652909.892 

653195.543 

655889.539 
668070.101 

665414.327 

665346.062 

665252.062 
664970.449 

664894.865 

667860.939 

664262.729 

655568.762 

MORMON SPRING A OVERFLOW PIPE 
5843.550 

MORMON SPRING B 
5834.010 

MORMON SPRING C 
5855.460 

N END CULVERT SW SPRING 
5815.860 

HOMESTEAD SPRING 
5864.350 LEWIS WELL 
100.023 

CONC. SPRING BOX 
6123.880 

FORMATION POND A 
6124.840 

FORMATION POND B 
6126.410 HEADGATE C 
6122.420 

FORMATION POND D 
6119.890 

FORMATION POND E 
6149.260 

FORMATION SPRING 
6068.750 

POND S OF RD. 

WELL 2 SULFURIC 



Coordinate File Name: MONCONTR.CRD Lowest pt #: 1 Highest pt #: 93 
Job # : 91181 
Description: COORD. AND ELEVATIONS OF TEST WELLS, SPRINGS, TIE PTS., ETC. 

* of chars. in point descr. : 30 

m. 
IOM TYPE BEARING DISTANCE TO NORTHING EASTING 

XIST POINTS 
POINT NORTHING EASTING ELEVATION DESCR 

1 7365.118 -11340.934 5893.240 TW-19 
2 7374.513 -11363.403 5893.510 TW-34 
3 7355.923 -11356.758 5893.480 TW-20 
4 7349.560 -11331.592 5893.620 TW-21 
5 7422.948 -11783.057 5897.340 TW-35 
6 7423.860 -11797.624 5897.260 TW-39 
7 7401.135 -12488.490 5885.110 TW-7 
8 7400.956 -12499.936 5884.880 TW-8 
9 7390.014 -12513.092 5884.930 TW-9 

10 7386.609 -12493.336 5885.740 TW-10 
11 7444.342 -12611.253 5880.270 

EFFLUENT TOP SW C HD GATE 
12 8218.219 -11955.985 5907.040 TW 36 
13 8641.785 -12578.274 0.000 1/2" RB #36 
14 9834.590 -12551.973 5954.600 TW 24 
15 9820.665 -12559.800 5954.600 TW 23 
16 9819.759 -12544.804 5954.920 TW-22 
17 12915.720 -12193.585 5997.030 TW-18 
18 12934.213 -12192.839 5998.540 TW-17 
19 12936.686 -12213.013 5998.570 TW-16 
20 13304.315 -10702.980 5997.060 TW-49 
21 13895.566 -10787.824 5989.130 TW-48 
22 13871.137 -10916.957 0.000 

SWcWELL HOUSE 4 
23 13891.399 -10917.429 0.000 

NWc WELL HOUSE 4 
24 13863.373 -11188. 670 0.000 

25 
SEc SULFURIC ACID BLDG. 

25 13852.605 -11208.087 0.000 

26 
SWc SULFURIC ACID BLDG 

26 13866.689 -11215.858 0.000 

27 
NWc SULFURIC ACID BLDG 

27 13887.099 -12577.413 5989.650 TW 28 
28 13872.619 -12579.763 5989.620 TW-29 
29 13902.356 -12576.861 0.000 

1/2"RB OLD AT 
30 11227.137 -12567.017 5959.170 TW 45 
31 11236.597 -12559.406 5959.270 TW-37 
32 13882.713 -10902.578 5990.800 PLANT WELL 4. 
33 13912.728 -7923.788 0.000 

FC AT NEc PLANT 
34 13286.826 -8319.342 5988.460 TW-15 
35 13288.435 -8299.313 5988.750 TW-14 
36 13271.373 -8308.157 5988.360 TW-13 
37 12676.579 -9279.288 5995.570 TW-51 
38 10889.246 -9098.930 5975.530 TW-31 
39 10889.276 -9111.794 5975.850 TW-32 
40 10876.517 -9109.322 5975.840 TW-33 
41 12223.444 -10749.341 5993.060 TW-50 



42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 

55 

56 

57 
58 

POINT 

59 
60 
61 

62 

63 

64 

65 

66 
67 

68 

69 

70 

71 

72 

73 

74 

75 

76 

77 
78 

79 

11971.684 
11885.270 
10602.480 
11519.793 
11500.096 
11487.579 
11555.085 
10826.321 
10860.133 
10100.000 
10209.019 
9959.746 
9973.006 

9973.031 

9954.379 

8812.505 
7418.009 

NORTHING 

7380.912 
7349.605 
7330.228 

6921.043 

7857.555 

7937.845 

6710.534 

5623.706 
3675.180 

4245.836 

4384.701 

4665.482 

3780.824 

3759.941 

3578.397 

3491.211 

3428.172 

2990.905 

6364.605 
6397.635 

6270.773 

-10999.814 
-11173.328 
-11549.396 
-11103.083 
-11043.529 
-11034.131 
-10959.738 
-10736.185 
-10797.000 
-10797.000 
-10736. 715 
-10736.405 
-10741.131 

-10722.633 

-10722.601 

-10315.064 
-10141.994 

EASTING 

-10178.203 
-10177.926 
-10130.592 

-14853.179 

-15262.388 

-14058.027 

-12218.730 

-8428.843 
-7751.355 

-7902.556 

-7954.873 

-7180.936 

-7005.587 

-6959.775 

-6820.459 

-6767.209 

-6828.122 

-6595.841 

-12635.237 
-12735.167 

-12764.900 

5992.680 TW-30 
5994.240 TW-41 
5991.320 TW-26 
5989.320 TW-43 
5990.070 TW-40 
5989.600 TW-44 
5990.610 TW-42 
5987.390 PLANT WELL 1 

0.000 MONSANTO CP 
0.000 MONSANTO CP 

5987.200 PLANT WELL 2 
5989.000 PLANT WELL 3 

0.000 
NWc WELL HOUSE 3 

0.000 
NEc WELL HOUSE 3 

0 . 0 0 0  
SEc WELL HOUSE 3 

5973.060 TW 38 
0 . 0 0 0  
1/2"RB OLD AT 

ELEVATION DESCR 

5939.280 TW 12 
5937.930 TW-11 

0 . 0 0 0  
FC AT SEc PLANT 

5847.580 
KAKLEY SPRING 

5853.780 
HOOPER SPRING 

5859.250 
SW SPRING IN FIELD 

5878.780 
HARRIS WELL SWG-SEE ELEV.SHT. 

5913.490 FINCH SPRING 
5897.720 

CULVERT KELLY/GOLDER 
5907.220 

KELLY SPRING 2 
5907. 780 

BOYSCOUT SPRING 
5969.220 

FISH POND ABOVE LEDGE SPRINGS 
5917.380 

SPRG. HOUSE 5 WATER ELEV. 
5917.380 

SPRING HOUSE 5 WATER ELEV. 
5911.080 

SPRING HOUSE 4 WATER ELEV. 
5914.290 

SPRING HOUSE 3 WATER ELEV. 
5905.280 

SPRING HOUSE 2 WATER ELEV. 
5903.680 

SPRING HOUSE 1 (LOWEST) WATER 
5858.470 CALF SPRING 

MORMON A SPRING HSE 
5850.600 



80 6218.932 -13079.408 

81 6059.070 -13433.087 

82 7376.649 -13951.288 

83 4116.624 -13712.467 

84 
85 

4397.257 
14758.562 

-11013.312 
1321.514 

86 13534.431 -1352.990 

87 13905.784 -1415.936 

88 
89 

14003.753 
14096.681 

-1508.564 
-1788.955 

90 14355.891 -1860.838 

91 14768.346 1112.406 

92 12091.948 -2525.839 

93 13873.914 -11197.747 

MORMON SPRING A OVER FLOW PIPE 
5843.550 

MORMON SPRING B 
5834.010 

MORMON SPRING C 
5855.460 

N END CULVERT SW SPRING 
5815.860 

HOMESTEAD SPRING 
5864.350 LEWIS WELL 
100.023 

CONC. SPRING BOX 
6123.880 

FORMATION POND A 
6124.840 

FORMATION POND B 
6126.410 HEADGATE C 
6122.420 

FORMATION POND D 
6119.890 

FORMATION POND E 
6149.260 

FORMATION SPRING 
6068.750 

POND S OF RD. 

WELL 2 SULFURIC 
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ASSOCIATES 
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(208)427-6214 

180 EAST 2nd SOUTH 
SODA SPRINGS IDAHO 83276 

(208)547-4141 

December 22, 1992 D E C  £ 8  

-J 

Golder 

David Eanton 
Golder Associates 
4104 148th Avenue, NE 
Redmond, VTA 98052 

Dear David, 

Enclosed are the Monsanto and state plane coordinates for the 
surveying we completed at Monsanto. Also enclosed is our invoice 
covering the remainder of the work done. Thank you for giving us 
an opportunity to work with you. 

Sincerely, 

Alex A. Hudson, PLS, PE 
AAH/bjp 
enclosure 

i Avn <UTRVFYORS CIVIL ENGINEERS 



A .  A .  H U D S O N  
and 

ASSOCIATES 
14166 CLEVELAND RD. ! 80 EAST 2nd SOUTH 
PRESTON. IDAHO 83263 SODA SPRINGS IDAHO 83276 

(208)427-6214 (208)547-4141 

Monsanto Coordinates __ 

Points 

3 
4 

tj 
7 
8 
Q 
%/ 

10 
11 
12 

14 

Points 
1 

o 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 

North 
7352 
G 4 08 
5C52 
4801 
7440 
64 96 
572C 
4376 
0348 
0427 
6436 
0446 
7361 

12769 

ing 
.5011 
. 1214 
.1078 
.8924 
.4467 
.0671 
. 6703 
.4550 
. 2578 
.1402 
. 4812 
.5431 

3130 -
1758 -127 

East 
10127 
10134 
10140 
10146 
14727 
14735 
14040 
14047 
10598 
11133 
11633 
12133 
11402 
12782 

1112; 

.3436 

.4565 

.1506 

. 5542 

.9342 

.0470 

.6513 

.0549 

. 5356 

.9247 

.2207 

.9750 

.1415 

.8805 

Northing 
368S89.7057 
368045.6152 
367289.8330 
366439.8780 
369011.3940 
368067.3035 
367308.2209 
366458.2659 
367979.0964 
368050.2397 
368052.3900 
368055.2399 
368980.1644 
374365.9107 

Easting 
656732.5993 
656739.0828 
656744.2731 
656750.1101 
652132.6505 
052139.1340 
652844.3165 
652850.1535 
656276.0578 
655739.7553 
655240.5318 
654739.8404 
655458.2033 
654000.1960 

M.P. 

icp of,c.eivveM 
Po-cX 

•Gi o'JBd Description 
Cor f?ct-<?d 

EM-1 0+00 
EM-2 0+00 
EM-3 0+00 
EM-4 0+00 
EM-1 46+00 
EM-2 16+00 
EM-3 39+00 
EM-4 39+00 

5910.00 5908.40 Well TW-56 5907.70 
5886.33 5884.64 Well 7W-55 680M.37, 
5888.96 5887.79 Well TW-54 60S<&• To 
5880.39 5879.56 Well TW-53 667©•36 
5892.74 5890.32 Well TW-58 6689. 84 
5952.54 5950.38 Well TW-57 69 6o-

State Plane Coordinates 
icfj torO Of Ci 

M.P. •64 
Corrects  ̂

Description 
EM-1 0+00 
EM-2 0+00 
EM-3 0+00 
EM-4 0+00 
EM-1 46+00 
EM-2 40+00 
EM-3 39+00 

5910.00 
5886.33 
5888.96 
5880.39 
5892.74 
5952.54 

5908.40 
5884.64 
5887.79 
5879.56 
5890.32 
5950.38 

EM-4 39+00 
Well TK-56 
Well TK-55 
Well TW-54 
Well TW-53 
Well TW-58 
Well TW-57 

69o7. TO 
5©e>4.37> 

"TO 
56"ie>. 2>cb 

5S6Q 

1 A\n SI'RVFYORS CIVIL ENGINEERS 
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(208)427-6214 

180 EAST 2ndjMjTH ' 
SODA SPRINGS itwfe 83276 

(208)547-4141" 

26 February 1993 

lc93 
11! 

i I 

David Banton 
Golder Associates 
4104 148th Avenue NE 
Redmond, W"A 98052 

Dear Mr. Banton, 

On February 25 we checked the elevation of the M.P. on the TW-36 at 
Monsanto. The elevation we obtained was 5906.93. We used the M.P. 
of TW-20 as a bench mark. The difference between today's reading 
and our original reading of 5906.81 may be due to the fact that the 
measuring point plate is loose. The top of concrete elevation is 
5904.51 which corresponds well with our 1991 reading. 

I have included an invoice. The longer time was necessary because 
we had to locate TW-36 with our instruments since it was well under 
the top of the snow. 

Should you have any questions, please call. 

Sincerely yours, 

Alex Hudson, PLS, PE 
AAH/bjp 
Enclosure 
92171 

7 Avn CHPVPVnPS n v I I  F N O I N F F R S  
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1. INTRODUCTION 

This appendix describes the drilling and installation of five monitoring wells and one test well 
at the Monsanto Plant in Soda Springs, Idaho, completed as part of the remedial investigation 
and feasibility study (RI/FS) as described in the Phase II Remedial Investigation Work Plan 
(Golder 1992a). The drilling and installation activities took place in the fall and winter of 1992. 
All drilling activities were performed by Andrew Well Drilling under the observation of a Golder 
hydrogeologist. Prior to drilling, permits for well construction were obtained from the State of 
Idaho Water Resources Department. 

The new wells were designated test well 53 through 58 (TW-53 through TW-58). TW-53 through 
TW-57 were drilled for monitoring purposes and TW-58 was drilled for aquifer testing purposes. 
Wells TW-53 through TW-56 and TW-58 are located along the southern Plant fenceline: TW-53 
is located west of the Subsidiary Fault in the UBZ-1 region; TW-54, TW-55, and TW-58 are located 
between the Subsidiary Fault and the Monsanto Fault in the UBZ-2 region; and TW-56 is located 
east of the Monsanto Fault in the UBZ-3 region. TW-57 is located upgradient of the old 
underflow solids ponds in the UBZ-2 region and will provide water quality control data. The 
new wells were geodetically surveyed after completion. 

2. DRILLING AND INSTALLATION OF MONITORING WELLS 

The downgradient monitoring wells (TW-53 through TW-56) were installed in order to: 1) confirm 
the geophysical interpretation regarding plume extent; 2) to evaluate the downgradient 
groundwater quality; and 3) further characterize the Subsidiary Fault and the Monsanto Fault 
which underlie the Plant and which separate the UBZ-1, UBZ-2, and UBZ-3 flow regions. The 
upgradient monitoring well (TW-57) was installed to assess the background groundwater quality 
in the UBZ-2 region. 

2.1 Drilling, Soil Sampling, and Well Completion 

A decontamination area was established at the Plant to be used for steam cleaning the drill rig 
and drilling equipment prior to drilling each well. The decontamination area was located on the 
berm between the two sewage evaporation ponds in the southwest corner of the Plant. 

All wells were drilled using air-rotary drilling methods. Water, obtained from Monsanto's potable 
water supply, was occasionally added to the boreholes to minimize dust. Soil and/or rock 
cuttings were collected and logged every five feet during drilling activities. 

The monitoring wells were completed with 4-inch diameter, box threaded, Schedule 40 PVC 
casing and well screens (0.02-inch slotted). The filter-packs consist of Colorado 10/20 silica sand 
and the annular seals consist of approximately three feet of bentonite pellets, hydrated with 
Monsanto potable water, overlain by a cement-bentonite grout to ground surface. The filter-
packs and annular seals were installed using a tremie pipe. 

A detailed discussion of drilling, borehole lithology, and well construction activities are given 
below for each new monitoring well. Borehole logs for the new wells are provided in 
Attachment H-l and well-construction details are summarized in Table H-l. 



TW-53: 

Well TW-53 was drilled from October 15 to October 17, 1992 and was installed from October 29 
to October 30,1992. The borehole was initially drilled using an 8-inch tri-cone bit through silty 
fine sands and broken basalt fragments to a depth of 15 feet below ground surface (bgs) at which 
point dark gray basalt was encountered. The borehole was then reamed using a 10-inch tri-cone 
bit in order to install 8-inch steel surface casing to stabilize the hole. After the surface casing was 
installed, 8-inch open-hole drilling was continued to a total depth of 62 feet bgs. 

Groundwater was encountered at a depth of approximately 22 feet bgs in a zone of weathered, 
vesicular, broken basalt ("5 gallons per minute (gpm)) and at a depth of 53 feet bgs in a cinder 
zone ("2 gpm). The well screen was set in the upper water-bearing zone at 22 feet bgs because 
more water was produced from this zone and because TW-10 (located approximately 1,000 feet 
northwest of TW-53 in the same flow region) was screened at a similar depth and has had 
detectable constituent concentrations in the past (Golder 1992b). Specific conductance of the 
groundwater immediately before discontinuing drilling was 670 yS/cm. Static-water level 
immediately after drilling to total depth was 21.2 feet bgs. 

TW-53 was completed by installing cement/bentonite grout up to 37 feet bgs and bentonite chips 
up to 32 feet bgs. A 10-foot screen, equipped with a bottom cap, was set from 20.2 to 30.2 feet 
bgs. Attached to the screen was 22 feet of casing, set from 2.0 feet above ground surface (ags) 
to 20.2 feet bgs. The filter-pack was installed from 17.7 feet to 32.0 feet bgs and the annular seal 
was installed from 0 to 17.7 feet bgs. Two stainless-steel centralizers were placed on the well at 
30.5 feet bgs and at 19.5 feet bgs. 

The steel surface-casing was pulled out of the hole approximately four feet and cut off to form 
a protective monument around the PVC well casing. The steel surface-casing is set from 2.9 feet 
ags to 15 feet bgs. A 1/4-inch diameter hole was drilled into the protective monument directly 
above grout level to permit water to drain out and coarse sand was placed above the grout. The 
well is equipped with a locking cap and a domed concrete pad is constructed around the base 
of the protective monument. 

TW-54: 

Well TW-54 was drilled on October 22,1992 and was installed on October 29,1992. The borehole 
was initially drilled using an 8-inch tri-cone bit through clayey silts, broken basalt, and cinders 
to a depth of 25 feet bgs at which point dark gray basalt was encountered. The borehole was 
then reamed using a 10-inch tri-cone bit in order to install 8-inch steel surface casing to stabilize 
the hole. After the surface casing was installed, 8-inch open-hole drilling was continued to a total 
depth of 76.3 feet bgs. 

Groundwater was encountered at approximately 44 feet bgs ("5 gpm) in a fractured basalt and 
cinder zone. Drilling was continued in order to locate a higher water-producing zone. A higher 
producing zone, however, was not encountered. The specific conductance of the groundwater 
during drilling was 1,970 S/cm. Static-water level approximately 12 hours after the borehole was 
drilled was 29.3 feet bgs. 

The well was completed by installing cement/bentonite grout up to 56.7 feet bgs and bentonite 
chips up to 52.0 feet bgs. A 10-foot screen, equipped with a bottom cap, was set from 39.5 to 49.5 
feet bgs. Attached to the screen was 42 feet of PVC casing, set from 2.3 feet ags to 39.5 feet bgs. 



The filter-pack was installed from 37.0 feet to 52.0 feet bgs and the annular seal was installed 
from 0 to 37.0 feet bgs. Three stainless-steel centralizers were placed on the well at 50.0 feet, 39.0 
feet, and 27.0 feet bgs. 

The steel surface-casing was pulled out of the hole approximately two feet and cut off to form 
a protective monument around the PVC well casing. The steel surface-casing is set from 3.0 feet 
ags to 23.0 feet bgs. A 1/4-inch diameter hole was drilled into the protective monument directly 
above grout level to permit water to drain out and coarse sand was placed above the grout. The 
well is equipped with a locking cap and a domed concrete pad is constructed around the base 
of the protective monument. 

TW-55: 

Well TW-55 was drilled from October 19 to October 20,1992 and was installed from October 20 
to October 21,1992. The borehole was initially drilled using an 8-inch tri-cone bit through silty 
clays, clayey silts, and broken basalt to a depth of 20 feet bgs at which point dark gray basalt was 
encountered. The borehole was then reamed using a 10-inch tri-cone bit in order to install 8-inch 
steel surface casing to stabilize the hole. After the surface casing was installed, 8-inch open-hole 
drilling was continued to a total depth of 69 feet bgs. 

Groundwater was encountered in a small fracture at approximately 34 feet bgs ("0.5 gpm), in a 
fracture zone at 47 feet bgs ("5 gpm), and in a cinder zone at 58 feet bgs ("10 gpm). The specific 
conductance of the groundwater during drilling ranged from 1,786 S/cm to 1,880 S/cm. Static-
water level approximately 12 hours after the borehole was drilled was 29.5 feet bgs. 

The well was completed by installing bentonite pellets up to 66.7 feet bgs. A 10-foot screen, 
equipped with a bottom cap, was set from 55.0 to 65.0 feet bgs. Attached to the screen was 57 
feet of casing, set from 2.0 feet ags to 55.0 feet bgs. The filter-pack was installed from 51.8 feet 
to 66.7 feet bgs and the annular seal was installed from 0 to 51.8 feet bgs. Two stainless-steel 
centralizers were placed on the well at 65.5 feet bgs and at 54.0 feet bgs. 

The steel surface-casing was pulled out of the hole approximately one and a half feet and cut off 
to form a protective monument around the PVC well casing. The steel surface-casing is set from 
2.9 feet ags to 17.5 feet bgs. A 1/4-inch diameter hole was drilled into the protective monument 
directly above grout level to permit water to drain out and coarse sand was placed above the 
grout. The well is equipped with a locking cap and a domed concrete pad is constructed around 
the base of the protective monument. 

TW-56: 

Well TW-56 was drilled from October 24 to October 27,1992 and was installed from October 27 
to October 28,1992. The borehole was initially drilled using an 8-inch tri-cone bit through clayey 
silts, broken basalt, and cinders to a depth of 22 feet bgs at which point dark gray basalt was 
encountered. The borehole was then reamed using a 10-inch tri-cone bit in order to install 8-inch 
steel surface casing to stabilize the hole. After the surface casing was installed, 8-inch open-hole 
drilling was continued to a total depth of 106 feet bgs. 

Groundwater was encountered at approximately 90 feet bgs ("5 gpm). The specific conductance 
of the groundwater during drilling was 1,400 S/cm. Static-water level approximately 12 hours 



after drilling to total depth was 59.6 feet bgs. 
The well was completed by installing bentonite chips from 98 to 106 feet bgs. A 10-foot screen, 
equipped with a bottom cap, was set from 85.7 to 95.7 feet bgs. Attached to the screen was 88 
feet of casing, set from 2.3 feet ags to 85.7 feet bgs. The filter-pack was installed from 84.5 feet 
to 98.0 feet bgs and the annular seal was installed from 0 to 84.5 feet bgs. Four stainless-steel 
centralizers were placed on the well at 96.2 feet, 85.8 feet, 65.0 feet, and 45.0 feet bgs. 

The steel surface-casing was pulled out of the hole approximately two feet and cut off to form 
a protective monument around the PVC well casing. The steel surface-casing is set from 3.2 feet 
ags to 20 feet bgs. A 1/4-inch diameter hole was drilled into the protective monument directly 
above grout level to permit water to drain out and coarse sand was placed above the grout. The 
well is equipped with a locking cap and a domed concrete pad is constructed around the base 
of the protective monument. 

TW-57: 

Well TW-57 was drilled from October 14 to October 15, 1992 and was installed from October 23 
to October 24,1992. The borehole was initially drilled using an 8-inch tri-cone bit through clayey 
silts and broken basalt to a depth of 8 feet bgs at which point dark gray basalt was encountered. 
The borehole was then reamed using a 10-inch tri-cone bit in order to install 8-inch steel surface 
casing to stabilize the hole. After the surface casing was installed, 8-inch open-hole drilling was 
continued to a total depth of 35.1 feet bgs. 

The uppermost water-bearing zone was encountered at approximately 28 to 30 feet bgs ("5 gpm). 
The specific conductance of the groundwater was 1,840 S/cm. Static-water level immediately 
after drilling to total depth was 11.5 feet bgs. 

A 10-foot screen, equipped with a bottom cap, was set from 24.6 to 34.6 feet bgs. Attached to the 
screen was 27 feet of casing, set from 2.2 feet ags to 24.6 feet bgs. The filter-pack was installed 
from 21.0 feet to 35.1 feet bgs and the annular seal was installed from 0 to 21.0 feet bgs. Two 
stainless-steel centralizers were placed on the well at 35.0 feet and 23.5 feet bgs. 

The steel surface-casing was pulled out of the hole approximately three feet and cut off to form 
a protective monument around the PVC well casing. The steel surface-casing is set from 3 feet 
ags to 5 feet bgs. A 1/4-inch diameter hole was drilled into the protective monument directly 
above grout level to permit water to drain out and coarse sand was placed above the grout. The 
well is equipped with a locking cap and a domed concrete pad is constructed around the base 
of the protective monument. 

2.2 Geophysical Logging 

After reaching total depth and prior to the installation of the wells, the boreholes were 
geophysically logged using resistivity, natural gamma, and spontaneous potential tools by a 
Monsanto representative. Wells TW-53 through TW-56 were additionally logged after well 
installation using natural gamma and induction tools. Geophysical logs for TW-53 through TW-
57 are provided in Attachment H-2. 

The purpose of geophysical borehole logging was to substantiate lithologic interpretations and 



to aid in stratigraphic correlation between wells. Natural gamma provides information on the 
lithology and stratigraphy and is the most useful log for correlations in basaltic environments 
(Crosby and Anderson 1971) due to high natural gamma activity in clayey interflow zones. 
Resistivity and spontaneous potential also provide lithologic information. 

2.3 Well Development 

Each monitoring well was developed for approximately 30 minutes after well installation. Wells 
were developed using a submersible pump and pumping at an appropriate rate to keep the 
water levels in the wells above the top of the well screens. During development, wells were 
intermittently surged by raising and lowering the pump. The color of the groundwater in the 
wells was initially brownish-red but became clear within five minutes. Specific conductance of 
the groundwater was measured throughout development 

TW-53 was developed for 30 minutes on November 6,1992 The well was pumped at a rate of 
approximately 6.5 gpm. Approximately 195 gallons of water were purged and the water-level 
drew down 0.6 feet. Specific conductance remained relatively constant at about 1,100 S/cm. 

TW-54 was developed for 33 minutes on November 6, 1992. The well was pumped at a rate of 
approximately 2.5 gpm. Approximately 83 gallons of water were purged and the water-level 
drew down 2.5 feet. Specific conductance remained relatively constant at about 2,100 S/cm. 

TW-55 was developed for 32 minutes on November 6,1992. The well was pumped at a rate of 
approximately 20 gpm. Approximately 640 gallons of water were purged and the water-level 
drew down 11.5 feet. Specific conductance remained relatively constant at about 2,000 S/cm. 

TW-56 was developed for about 2 hours on November 5,1992 The well was pumped at a rate 
of approximately 0.8 gpm. Approximately 96 gallons of water was purged and the water-level 
drew down 34 feet. Specific conductance was 1,310 S/cm after 110 minutes of pumping. 

TW-57 was developed for 24 minutes on November 7, 1992. The well was pumped at a rate of 
approximately 27 gpm. Approximately 648 gallons of water was purged and the water-level drew 
down 6.1 feet. Specific conductance ranged from 1,360 S/cm to 1,600 S/cm during development. 

3. DRILLING AND INSTALLATION OF AN AQUIFER TEST WELL 

Well TW-58 was installed to conduct a pumping test in order to further characterize the aquifer 
in the southern UBZ-2 region. TW-58 was drilled from November 2 to November 4,1992 and 
was installed from November 5 to November 6,1992 The borehole was initially drilled using a 
16-inch tri-cone bit through clayey silt and basalt fragments to a depth of 16 feet bgs at which 
point dark gray basalt was encountered. After 12-inch surface casing was installed to stabilize 
the borehole, open-hole drilling was continued using a 12-inch tri-cone bit to a total depth of 55 
feet bgs. 

Groundwater was encountered at 40 feet bgs ("5 gpm) and at 47 feet bgs ("100 to 200 gpm). 
Specific conductance of the groundwater from 40 feet bgs and 47 feet bgs was 1,460 and 1,710 
S/cm, respectively. Static-water level immediately after drilling to total depth was 28.8 feet bgs. 



The total depth of the hole was 55 feet bgs, however, the borehole caved-in to 51.7 feet bgs. The 
well was completed with a 10-foot, 0.10-inch wire-wrapped, 8-inch diameter, stainless-steel screen 
set from 40.7 to 50.7 feet bgs with a one-foot tail-pipe. Welded to the screen is 44 feet of black 
steel casing, set from 2.9 feet ags to 40.7 feet bgs. A filter-pack of washed pea-gravel was installed 
from 36.3 to 51.7 feet bgs. The annular seal consisted of 4.4 feet of bentonite pellets, set from 31.9 
to 36.3 feet bgs and hydrated with Monsanto potable water, overlain with cement/bentonite grout 
to ground surface. 

The 12-inch steel surface-casing was pulled completely out of the hole and the 8-inch steel well 
casing was cut off 2.9 feet ags. The well is equipped with a locking cap and a domed concrete 
pad is constructed around the base of the well. 

4. GEODETIC SURVEY 

Each of the new wells were geodetically surveyed by a licensed surveyor (A. A. Hudson and 
Associated of Soda Springs) for both horizontal location (Monsanto Plant coordinates and Idaho 
State Plane Coordinates) and elevation. Elevations are specified as feet above mean sea level 
(msl), and are accurate to within 0.01 feet; coordinates are accurate to within 0.001 feet. Survey 
information for the new wells is provided in Attachment H-3. 
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July 26, 1993 913-1101.608 

TABLE H-l 

WELL CONSTRUCTION DETAILS 
FOR NEW WELLS 

WELL STATE PLANE 
COORDINATES 

WELL 
CONSTRUCTION 

DATE 

GROUND 
ELEVATION 

(ft amsl) 

HOLE 
DIAMETER 

(in) 

CASING 
DIAMETER 

(in) 

HOLE 
DEPTH 
(ft bgs) 

CASING 
DEPTH 
(ft bgs) 

CASING 
MATERIAL 

MONITORED 
INTERVAL 

(ft bgs) 

FORMATION 
MONITORED 

WELL 

Northing Easting 

WELL 
CONSTRUCTION 

DATE 

GROUND 
ELEVATION 

(ft amsl) 

HOLE 
DIAMETER 

(in) 

CASING 
DIAMETER 

(in) 

HOLE 
DEPTH 
(ft bgs) 

CASING 
DEPTH 
(ft bgs) 

CASING 
MATERIAL 

MONITORED 
INTERVAL 

(ft bgs) 

FORMATION 
MONITORED 

TW-53 368055.24 654739.84 10/30/92 5,87835 8.0 4.0 61.8 305 PVC 17.7 - 32.0 UBZ 

TW-54 368052.39 65524053 10/29/92 5,886.70 8.0 4.0 763 50.0 PVC 37.0 - 52.0 UBZ 

TW-55 368050.24 655739.76 10/21/92 5,88433 8.0 4.0 69.0 655 PVC 51.8 - 66.7 UBZ 

TW-56 367979.10 656276.06 10/28/92 5,907.70 8.0 4.0 106.0 96.2 PVC 845 - 98.0 UBZ 

TW-57 374365.91 654000.20 10/24/92 5,95036 8.0 4.0 35.1 35.1 PVC 21.0 - 35.1 UBZ 

TW-58 368980.16 65545810 11/03/92 5,889.84 12.0 8.0 55.0 51.7 STEEL 363 - 51.7 UBZ 

NOTES: 
bgs - below ground surface 
amsl - above mean sea level 
UBZ - Upper Basalt Zone 
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LEDGER B 
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+ PW-1 

© CALF 
A 
O BOYSCOUT 
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FIGURE H-1 
LOCATION OF WELLS AND SPRINGS 

IN THE UPPER BASALT ZONE 
MONSANTO/PHASE II R| REPORT/ID 

\JPM\9131 I0l\60fl\51130 12-9-94 9:46 Golder Associates 



ATTACHMENT H-l 

LITHOLOGY AND WELL COMPLETION LOGS 
FOR NEW WELLS 



PROJECT: MONSANTO/HYOROGEOLOGY/ID 
PROJECT NO: SI J-1101.60S 
LOCATION: SOW SPRINGS ID 

aoCKTYPt 

RECORD OF DRILLHOLE TW-S3 
DRILLING DATE: 10/15/42.10/17/M DATUM: MSL 
DRILL RIG: SCHRAMM ROTADRlLL COORDINATES N 
ADDTTIVES:Aif ...... AZIMUTH: N/A 

SI—I 1 tt 2 
GROUND ELEV:587B.3S 

36S0SSZ4 E:65473B.B4 M P. ELEV. 5880.39 
INCLINATION: CO-

h 
M 
s 
-o 

OER1M 
(H) 

eg 
il 
If* sifc gig 

;s 
I S  

z~ 5 
II! 

WBX&<ETCH 

C-10 - Loom to compact, moderate brown (SYR 4M), edty fina SAND, aome deyey eitt and moderately weathered to 
slightly weathered, vesicular, dark gray, medium strong, highly fractured BASAU 

KM2"- Layer of aftty fine SAND, race to toe day 

Cinder zone 

ISMP' SNghSy weathered, broken, dark pay. medium strong BASALT 

tff-SJ • Slightly weathered to fresh, ""•" vesicular, dark grey, stong 

5666.35 
12 

5863.35 

8 
If 

h 
i* •s* is 
b 

15 

5660.35 
16 

5658.35 
20 

2Z - 25* Fracture zone 

-25 
25 

-30 I $646,351 

-35 \ 5643.351 

-40 OriJIhde fog continued on next page 5836.35 

•5 gpm 

*-6" open hde 

DEPTH SCALE: 1 in. -5 ft. 
DRILLING CONTRACTOR: Andrew Well Drilling 
DRILLER: AHred High , Goklpr 

Associates 

LOGGED: C.Ystes 
CHECKED: 
DATE: 1/26/B9 

FIGURE hri {Sheet 1 of 2) 
LITHOLOGY AND WELL COMPLETION - TW-53 

T MONSANTO/PHASE H Rl REPORT/ID 

PROJECT NO. 913-1)01.608 DRAWING NO. 47311 DATE 3/10/93 DRAWN BY TK Golder Associates 



PROJECT: MONSANTO/HYDROGEOLOGY/1D 
PROJECT NO: 813-1101.60S 
LOCATION: SOO* SPRINGS IP 

RECORD OF DRILLHOLE TW-53 
DRILLING DATE: 10/1S/B2 • 10/17/22 
DRILL RIG: SCHRAMM RCTMDR1LL 
ADDITIVES:*!/ 

DATUM: MSL 
COORDINATES N: 
A2IMUTH: N/A 

36«)S52< E: 654739.04 

SIMM 2 * 2 

GROUND ELEV: 5676.35 
M.P. EL£ V: SBflO JO 
INCLINATION: HO* 

is 
% 

-60 

-75 

BO 

ROCKTYPE 

DESCRCPTCN 
DEPTH 

(FT) 

553635 

1P-53"- Sbghtty weathered to freth, dork gray. stong BASALT j 

53*-55'« Cinder torn 

55'-61.75'* Moderately weathered to 
slightly weathered, fractured and 
brofcen^dark grey, medium strong 

BOH • 61.75' below ground surface 

55 

2SS fill 

-2 gpm 

C-670 

10/16 
1752 

7:49 
10/17 

10/17 

WELL SKETCH 

-8'open 
hde 

DEPTH SCALE: 1 in, .5 ft 

DRILLING CONTRACTOR: Andrew Well Drilling 

DRILLER.AHred High 
'Â ooates 

LOGGED C Yates 

CHECKED: 

DATE: 1/26/93 

t-
FIGURE -A" 1 (Sheet 2 of 2) 

LITHOLOGY AND WELL COMPLETION - TW-53 
, MONSANTO/PHASE D Rl REPORT/ID 

PROJECT NO. 913-1101.606 DRAWING NO. 47312 DATE 3/10/93 DRAWN BY TK 

Wc , AX 
Golder Associates 



RECORD OF DRILLHOLE TW-54 
PROJECT: MONSANTO/HYDROGEOLOGY/ID 
PROJECT NO: SI 3-1101 -60S 
LOCUTION SODA SPRINGS IP 

DRILLING OWE: 10/22/92 
DRILL RIG: SCHRAMM ROTADRILL 
ADDITIVES: Air/Wattf 

DATUM: MSL 
COORDINATES N: 360052 40 E:6S5240S0 
AZIMUTH N/A 

ShMI 1 c* g 

GROUND ELEV. 5886.70 
M P. ELEV 5666 06 
INCLINATION SO-

UJ 

ROCKTYRE 

OESCRIPTBN 
DEPTH 

(FT) 

fen 

- 8.0 

2.26 

*W 

% 
%y 
0/ 

h  

I 
p  

/ 

P 

It 

S; 

V 

i 

- MP. 

O'-ff- Soft to lirm, grayish orange (10YR 7M). CLAYEY SILT 

567670 

8-17*- Soft to firm. moderate yellowish brown (10YR 6/4), 
CLAYEY SILT and broken BASALT. 

15 

1T-2V- Soft to firm, moderate yellowish brown (10YR 6/4). 
SILT, btfle day, trace fine eand 

2V-25'- Cinders 

25 

5676.70 

10 

s 
2 

b 

i 
1 

£;<• 
pC 

ii  
25''76*- Skgftfly weathered to fresh, vesicular, dark gray 
strong to very stong BASALT 

Intermittent fractures to 29 

5671,71 

15 

5666.70 

I 
b 

5656.70 

I 5651.701 

40 Oitlhde log continued on next page 

J L 

6:18 10/22 

oementr 
bent 
pout 

material 
and 

grout 

1033 

| 
• 

11:06 

stdnltssH 
•teal 

central lien 

10/20-el 
silica 
•and 

/ 

'A 

/*A 

th 

f t  
/ 

/ 

*10" open 

casing 

/H 

/[ 
/ 

/% s 
/ %  •o 

* 

VH * 

r 

Sch. 
40PVC 

2925' 

10/28/92 

6" open 
hde 

DEPTH SCALE: 1 in . Sll. 

DRILLING CONTRACTOR: An*»wW«ll Drilling 

DRILLER:AHrad High ^Goldpr 
Associates 

LOGGED: C.Yates 

CHECKED: 

DATE: 1/26/93 

FIGURE A" 2 (Sheel 1 of 2) 

LITHOLOGY AND WELL COMPLETION - TW-54 
, MONSANTO/PHASE D Rl REPORT/ID 

PROJECT NO. B13-1101.60B DRAWING NO. 47313 DATE 3/10/93 DRAWN BY TK Golder Associates 



PROJECT: MONSANTO/HYDROGEOLOGY/ID DRILLING DATE: 10/22*2 
PROJECT NO: 813-1101.605 DRILL RIG: SCHRAMM ROTADRILL 
LOCATION SOOA SPRINGS. ID ADDITIVES: AirIWai.r 

RECORD OF DRILLHOLE TW-54 
DATUM: MSI 
COORDINATES N: 366052.40 E: 653240.5 
AZIMUTH: N/A 

ShMt 2 of 2 

GROUND EL£V:S8fi670 
MP ElEV: 5688.66 
INCLINATION: 60* 

-45 

-70 

-75 

80 

ROCK TYPE 

DESCRIPTION 

25-76« SfcghSy weathered to fresh, vesicular, dark gray, 
strong to vary svong BASALT 

44"-46"- Fracture 

Minor cinder zona 

Fregmems «f reddish sflty sand 

DEPTH 
<n) 

BOH » 76.30" below ground surface 

55 

J 582670 

15816.70 

70 

.ffl. 

is 

if 

12 G 

13 G 

s 
c 
? 
E 

I 
1 

fell 

*s 
IP 

*5gpm 
C-1070 
pS/em 

C-1080 p&/cm 

C-1080 
pS/cm 

C-1050 
pS/cm 

it 

1337 

16.06 

10/22 
17304 

10/20 • 
silica 
sand 

stainless  ̂
steal 

centralize rs 

bentonite • 
chips 

oemenv-
bentonite 

grout 

-4'6ch. 
40PVC 
screen 
(0.02* slot) 

-8" open 

76.30 

DEPTH SCALE: 1 in.-511 

DRILLING CONTRACTOR: Andraw Wall Drilling 

DRILLER: Altrad High 

LOGGED. C.Yhua 

CHECKED: 

DATE: 1/26*3 

FIGURE A-2 (Sheet 2 of 2) 

LITHOLOGY AND WELL COMPLETION - TW-54 
1 MONSANTO/PHASE D Rl REPORT/ID 

PROJECT NO. 913-1101.608 DRAWING NO. 47314 DATE 3/10/93 DRAWN BY TK 
Golder Associates 
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PROJECT: MONSANTO/HYDROGEOLOGY/ID 
PROJECT NO. 813-1101.605 
LOCATION SOOA SPRINGS ID 

RECORD OF DRILLHOLE TW-55 
DRILLING DATE: 10/18/82. 10/20/02 
DRILL RIG: SCHRAMM ROTADRILL 
ADDmvES:Air 

DATUM: MSL 
COORDINATES N: 366050.20 E: 655730.60 
AZIMUTH- N/A 

Sheet 2 of 2 

GROUND ELEV: 5864 33 
M P ELEV: 5886.33 
INCLINATION: 00' 

-1 ii is I it 
E s| 
/£ S ?\ 

- C-1870| 
itS/cm I 

•Sgpml 

bont 
grout 

borttoniio 
pollot 

-c-ieaol 
|iS*cm I 

.C-18701 
pS/em I 

1 
stantas* 

stool eoftoobxof 

10/20* 
silica 
sand 

i 
C-1620I 
M&tm I 

0-18201 
pS/tm I sta'nioss 

stool 
contrabzor 

bontorito 
poUots 

• 4"8ch. 
40PVC 

(O.OTstat). 

DEPTH SCALE: 1 in.-5 ft. 

DRILUNG CONTRACTOR: AK*M Well Drilling 

DRtLLER:AJfrod High ^SrGoMpr 
'Associates 

LOGGED: C.YaMl 

CHECKED: 

DATE: 1/27/82 

FIGURE A"3(Sheet 2 o( 2) 

LITHOLOGY AND WELL COMPLETION - TW-55 
' MONSANTO/PHASE H Rl REPORT/ID 

PROJECT NO. 913-1101.608 DRAWING NO. 47778 DATE 3/10/B3 DRAWN BY TK 

P i  Vj-
Golder Associates 



RECORD OF DRILLHOLE TW-56 
PROJECT: M0NSANT0/HYDR0GE0L0GY/1D 
PROJECT NO: 913.1101.605 
LOCATION: SOOA SPRINGS ID 

DRILLING DATE: 10/24192 -10/27/88 
DRILL RIG: SCHRAMM R0TADR1LL 
ADDITIVES AirANaW 

DATUM: MSL 
COORDINATES N: 367070.10 E: 65627610 
AZIMUTH-N/A 

ShMt 1 of 3 

GROUND ELEV: 5007.70 
M P ELEV: 3010.00 
INCLINATIONS 

IB 

ic 
it 
s 
-0 

ROCK TYPE 

DEPTH 
<n> £ i 

/I II 

— 

— 2 J 

rrZTl 

— MP. 

rSf0-

6* 

/k 

 ̂fi •io-cpw> 
< 4 *-

$A / ?. 

/ £-8-<tMl / '?, ctuing 
'i 
/ $ 

X  
a  

I 
H 

/ y 

O'-T- Soft. moderate yellowish brown 
(10YH DM). CLAYEY SILT 

590070 

-10 

7*411'- Moderately to slightly weathered, vesicular, far often, 
medum strong BASALT and some soft, grayish orange pink 
(10R 6/2). silty fine sand fragments 

1V-17'- Loose, dark yellowish brown (10 YR 
4/2) sifty fine SAND and broken BASALT and 
cinders 

-IS I 8602,701 

17V2V- Br often BASALT and cinders 

-20 I 8687.70 

20 

2V-31'- SligMy weathered, fractured, daift 
gray, medium strong to stong BASALT 

2F-3V • Broken Basalt 

3r-4ff- Fresh, dark gray, strong BASALT 

8677.: 

8872.70 

-40 Drillhole log continued on next page liTi se67.70 

12:18 
10/24 

•merit/ 
bent 
grout 

1223 

10/24 
1248 

1440 10/26 

1844 

W.7 

I f  

« / 
J* cove-in i O 

material tjr. / 
and / 

grout cd j 
.n / 

.  • /  

9 -y. 

/ 
P*' o 

n  

! / 
/ 
/ 
/ 
/ 
/ 
/ 
/ 

C 
/ 
/ 
/ 
/ 
/ 
/ 

/ 
/ 
y 
/ 
/ y 
y 
/ 
/ j. 

eemenf-
bent 
grout 

t 

/ 
/ 
/ y 

-B'opan 
hoi* 

DEPTH SCALE: 1 in. • 5 ft. 

DRILLING CONTRACTOR: Andraw Wall Drilling 

DRILLER:AII/ed High ĴfGolder 
'Associates 

LOGGED: C.YUM 

CHECKED: 

DATE: 1127193 

I-

FIGURE A"4(Sheet1 of 3) 

LITHOLOGY AND WELL COMPLETION - TW-56 
1 MONSANTO/PHASE Q Rl REPORT/ID 

PROJECT NO. 913-1101.608 DRAWING NO. 47779 DATE GMO/93 DRAWN BY TK 

/ '  ! • /  •  •  • + '  
Golder Associates 



PROJECT MONSANTQ/HYDROGEOLOGY/1D DRILLING DATE: 10/24/82 -10/27/82 
PROJECT NO: 913-1101.605 DRILL RIO: SCHRAMM TOTADRILL 
LOCATION: SODA SPRINGS. ID ADDmVES AifAN»1.r 

RECORD OF DRILLHOLE TW-56 

i m 
57-76-. Moderstel 

-60 

-75 

SI'-Aff- Fresh, dark gray, strong BASALT 

grades to strong to vary strong 

DEPTH 
(FT) 

5867,70 

40 

4B--ST- Broken BASALT. (Ma cinders, Ma soft to ftrrn. 
moderate to own (SYR 3/4) silt 

15852.70 

55 

57.76- Moderately weathered to fresh, broken, c 
gray, strong BASALT, fattta sdty fine sand 

15647.70 

67^5'. Mnor dndefS 

65 

5637.70 

70 

15632.70 

75 

76-63'- Broken BASALT, eindars. and tide silt 

Drillhole log continued on next page ——— 15627.70 

DEPTH SCALE: tin. 5 ft 

DRILLING COWTRACTOR.Andrew Well Drilling 

DRlLLERAffrad High 

1$ 

DATUM: MSL 
COORDINATES N: 367076.10 E: 65627610 
AZIMUTH: N/A 

s 
s 
? 

I 
b 

£ S 
ill 

10/26 
1742 

742 
10/27 

7-1 

Sheet 2 of 3 

GROUND ELEV: 5007.70 
M.P. ELEV: 5010.00 
INCLINATION: 00* 

grout 

stainless 
steel 

oertoaliser 

stainless -
steel 

centrelixer 

4" Seh. 
40 PVC 

58.9 
V 

10/27/02 

* 

0" open 
hole 

,£lFGolder 
'Associates 

LOGGED: C Yatis 

CHECKED: 

DATE: 1/27/99 

FIGURE A'"4(Sheet2of3) 

LITHOLOGY AND WELL COMPLETION - TW-56 
1 MONSANTO/PHASE 1 Rl REPORT/ID 

PROJECT NO. 913-1101.608 DRAWING NO. 47780 0ATE 3/10/93 DRAWN BY TK 
Golder Associates 



RECORD OF DRILLHOLE TW-56 
PROJECT MONSANTQ/HYDROGEOLOGY/1D DRILLING DATE: 10/24/82. 10/27/82 DATUM: MSL 

PROJECT NO: 911-1101.605 DRILL RIG: SCHRAMM ROTADRILL COORDINATES NSS787810 E'6SC378 10 
LOCATION: SODA SPRINGS ID ADDfTIVES:Air/VW., WIMUTH Î/A Qre iO 

ShMI SMS 

GROUND El£V:S807.70 
MP. ELEV: 881000 
INCLINATION BO* 

i 
E* 
IS 

W-B3'* Broken BASALT, cinders, end bote sift 

9«'-l06-Broken and fractured BASALT 

10! 

BOH*l06'betow ground surface 

OtPIM 
crt) 

8827.70 

80 

18817.70 
90 

8812.70 

98 

5807.70 

i 8601.70 

106 

l 
b 

£ 8 1  

f 8 i l \  

li 

180 

'031 
C«1400| 
|tS/cm 

1030 

WBAOtCTCH 

bentDrfte* 

DEPTH SCALE: 1m.. STL 

DRILLING CONTRACTOR:And/ew Well DriDing 

DRILLER:AIfmlHigh 

LOGGED: CYatee 

CHECKED: 

DATE: 1/27183 

FIGURE A"4.(Sheet 3 of 3) 

LITHOLOGY AND WELL COMPLETION - TW-56 
, MONSANTO/PHASE H Rl REPORT/ID 

PROJECT NO. 813-1101.608 DRAWING NO. 47781 OATE 3/10/93 DRAWN BY TK 

M . . £ 
Golder Associates 



RECORD OF DRILLHOLE TW-57 si*.. , * , 
PROJECT MONSANTO/HYDROGEOLOGY/1D DRILLING DATE: 10R4/9J - lOnSIW DATUM: MSL GROUND El£V: 5850.36 
PROJECT NO: B13-1101.60S DRILL RIG: SCHRAMM ROTADRJLL COORDINATES N: 374365 90 E 6S4000.2 M P. ElEY S9S2.S4 
LOCATION SOOA SPRINGS, ID ADDfTIVES: Aif  ̂ AZIMUTH: N/A INCLINATIONS 

|E 

ROCK TYPE 

DESCRIPTION 

£ S 

fen 

W&L SCOTCH 

3.0 

8.16 

'W 

p 
p / 

- M P. 

Tnfcn 0*-5'- loos*. moderate yellowish brown (10YR SM) 
CLAYEY SILT ' 

ST-B- LOOM, moderate yetkwish brown (10YR 9M) 
CLAYEY SILT and broken BASALT 

T 
H 
1 

10/14 
1626 

I*35 

i 
life 
b 

and pout 
eamanV' 

bam 
grout 

I 6642.361 

fi-22"- SJighdy weathered, afightfy vesicular, dark pcy, 
madujm strong to strong BASALT 

I 5X0.361 

10 

I 5036.361 

12 

LIU 15 

1630 

/ 

I 
10/14 
17:15 

1036 
10/16 

-20 I 6630.361 

20 

22S24-fracture zone, broken BASALT 
*5 gpm 

>25 
24'-2B. Strong BASALT 

2ff-30'p Cinder zona, broken BASALT 

2B-3S.V- Strong BASALT 

BOH • 35.1 below ground aurtaee 

25 

O'.fc 
6920.36 

30 

591636 

*15 gpn 

/ 
/ 
/ 
/ 

V / 
/ 
/ 
/ 
/ 

j 
bentonte** 

P*0at § 

stanleesH 
steal 

oenfraltzers 

10*0-
sffica 
sand 

12*8 
1232 

C-1840 

Sj •—0"cpen 
x hole 

DEPTH SCALE: 1 in . 5 fL 

DRILLING CONTRACTOR: Andrew Wen Drftling 

DRILLER: Alfred High ^pSfGoMpr 
•Associates 

LOGGED: C.Yates 

CHECKED: 

DATE: 1/27/93 

FIGURE A-5 
LITHOLOGY AND WELL COMPLETION - TW-57 

1 MONSANTO/PHASE tt Rl REPORT/ID 

PROJECT NO. 913-1101.60S DRAWING NO. 47782 DATE 3/10/93 DRAWN BY TK Golder Associates 



RECORD OP DRILLHOLE TW-58 (Test Well) 
PROJECT: MONSANTO/HYDROGEOLOGY/ID 
PROJECT NO: 012-1101 .SflS 
LOCATION: SOOA SPRINGS. ID 

ORIUINQ DATE: 11/2/02 • 11/4/02 
Ofua rig : Schramm Romona 
AODrTIVES:Air/VWt« 

DATUM: MSI 
COORDINATES N: 
AZIMUTH: N/A 

ShMt 1 cf 2 
GROUND ELEV:8800.81 

E:6884S&20 M.P. ELEV: 8002.74 
INCLINATION: CO-

ROCK TYPE 

-0 

CD 
fen 

WBJ.8K ETCH 

— 2.90 — MP. 

cr-ff. Soft, moderate yeDovieh brown (10YRSM). ClAYEY 
SILT, LtSe basalt fragments 

OA 

1 5684.84 

Soft, moderate yellowish brown (10YR 5/4) CLAYEY 
SILT and broken BASALT 

10 

15 

IS^O"* Slightfy weathered to fresh, vestarter, da* yay, 
strong BASALT 

•20 
I 8559.041 

20 

25 

-SO 

2T«2E* Ftsan 

OO'-SV- Fraetrre 

I* 

1 

50 

8854.84 
55 

—AO Dr i l l ho le  tog  con t inued  on  nod  page  

11/2 

1526 

bent 
pout 

11* 
1720 

1026 
11/3 

I 

/ 
/ 
/ 
/ 

? / 
/ 
/ 
/ 
y 
/ 
/ 
/ 
/ 
V 
/ 
/ 
/ 
/ 
/ 
/ 
V 

bmtMte-4 J 
p*0«t W 

rounds* 
PM-fTMl 

J55L. 
16jM 

1 

I -̂<r 

/ 
/ 
/ 
/ 
/ 
/ 

I 

H6* open 

steel 
casing 

-12* open 
hole 

26.60* 
_z_ 

11/4/02 

DEPTH SCALE: 1 in..5ft. 

DRILIJNG CONTRACTOR: AnC«w Wall Offing 

DRILLER: AHr«d High 
f®gFGc4der 

'Associates 

LOGGED: CYkIM 

CHECKED: 

DATE: 1/27/03 

FIGURE A"6(Sheet1 of 2) 

LITHOLOGY AND WELL COMPLETION - TW-58 
« MONSANTO/PHASE ERI REPORT/ID 

PROJECT NO. 913-1101.608 DRAWING NO. 47783 DATE 3/1OB3 DRAWN BY TK 

l . \ - r .  
Golder Associates 



RECORD OF DRILLHOLE TW-58 
PROJECT: MONSANTWHYDROGEOLOGY/ID DRILLING DATE: 1U1MB • ITOK 
PROJECT NO: 813-1101:606 DRILL RKJ: SCHRAMM RDlADfllU. 
LOCffTIONrSOOA SPRINGS. ID ADDfTIVES:WrlW>1»f 

DATUM: MSI 
COORDINATESN:368M0.20 E: 668458.20 
AZIMUTH: N/A 

Stmt ! A ! 

GROUND ELEV:8880.84 
M.P. ELEV: 56S2.74 
INCLINATION: 99-

ROCK TYPE 

4T-4Z- Breton BASALT 

4Z-47- Cindm 

47-SS-- Breton BASALT 

DOTH 
<n> 

SB4S.B4 

883664 

3 

E 8 

ft 

fl 
b  

•Sgpm 

. C-146C 
pS/cm 

•100 Op™ . 
C-171Cj 
liS/cm 

C«207C 
pS/cm 

C-W1C 
jiS/em 

11/3 
1730 

750 11M 

wai SKETCH 

rounded Hfv 

fi* SlMl-cuing 
VKWI 

,,s* 
<?3 

»8*  i t en l te t  StMl IB>M (o.rtM) 

• 6* open 

BOHa55* below ground outface 
(hole caved in to 51.7* below ground turfeoe after drilling 
eras completed) 

>65 

.60 

DEPTH SCALE: 1 in. •$ ft. 

DRILLING CONTRACTOR: Andrew W»D Drffing 

DRILLER: Alfred High 
Colder 

Associates 

LOGGED: Ctotet 

CHECKED: 

DATE: 1/27/82 

FIGURE A"6(Sheet2of2) 

LITHOLOGY AND WELL COMPLETION - TW-58 
4 MONSANTO/PHASE HRI REPORT/ID 

PROJECT NO. 913-1101.60® DRAWING NO. 47784 DATE 3T10IB3 DRAWN BY TK Golder Associates 



ATTACHMENT H-2 

GEOPHYSICAL BOREHOLE LOGS 
FOR NEW WELLS 



2-S-4-

F1QURE B-1 
NATURAL GAMMA LOG (PRIOR 

TO WELL COMPLETION) -TW-53 
MONSANTO/PHASE II RI/ID 

PROJECT NO. 9131101.608 ORAWING NO. 45205 DATE 3/23/93 DRAWN BY EA , GOldSf ASS0Ci8t6S 
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FIGURE B-4 
NATURAL GAMMA LOG (PRIOR TO 
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MONSANTO/PHASE II Rl/ID 
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FIGURE B-8 
RESISTIVITY LOG (PRIOR TO 
WELL COMPLETION) -TW-55 

MONSANTO/PHASE II RI/ID 
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ATTACHMENT H-3 

GEODETIC SURVEY INFORMATION FOR NEW WELLS 
AND ELECTROMAGNETIC SURVEY TRANSECT COORDINATES 



A .  A .  H U D S O N  
Hi ~(10/. 60S 

and 

ASSOCIATES 
14166 CLEVELAND RD. 
PRESTON, IDAHO 83263 

(208)427-6214 

180 EAST 2nd SOUTH 
SODA SPRINGS IDAHO 83276 

(208)547-4141 

December 22, 1992 DEC i'i 

Golder —«>es _ 

David Eanton 
Golder Associates 
4104 148th Avenue, NE 
Redmond, V?A 98052 

Dear David, 

Enclosed are the Monsanto and state plane coordinates for the 
surveying we completed at Monsanto. Also enclosed is our invoice 
covering the remainder of the work done. Thank you for giving us 
an opportunity to work with you. 

Sincerely, 

Alex A. Hudson, PLS, PE 
AAH/bjp 
Enclosure 

LAND SURVEYORS 

1 

CIVIL ENGINEERS 



A .  A .  H U D S O N  
and 

ASSOCIATES 
14166 CLEVELAND RD. 180 EAST 2nd SOUTH 
PRESTON. IDAHO 83263 SODA SPRINGS IDAHO 83276 

(208)427-6214 (208)547-4141 

Monsanto Coordinates _ir_ 

Points 
1 
2 
3 
4 
o 
6 
7 
8 
9 

10 
11 
12 
13 
14 

Points 

4 
3 
6 
7 
8 
9 

10 
11 
12 
13 
14 

Northing 
7352.5011 
6408.1214 
5652.1078 
4801.8924 
7440.4467 
6496.0671 
5726.6703 
4876.4550 
6348.2578 
6427.1402 
6436.4812 
6446.5431 
7361.3130 
12769.1758 

Easting 
-10127.3436 
-10134.4565 
-10140.1506 
-10146.5542 
-14727.9342 
-14735.0470 
-14040.6513 
-14047.0549 
-10598.5356 
-11133.9247 
-11633.2207 
-12133.9750 
-11402.1415 
-12782.8805 

M.P. 

t op  of. G&yverrl 

•Ground 

frV 

Corrected 
Description OjkQulrbl 
EM-1 0+00 
EM-2 0+00 
EM-3 0+00 
EM-4 0+00 
EM-1 46+00 
EM-2 46+00 

5910.00 
5886.33 
5888.96 
5880.39 
5892.74 
5952.54 

39+00 
39+00 

EM-3 
EM-4 

5908.40 Well TW-56 
5884.64 Well TW-55 
5887.79 Well TW-54 
5879.56 Well TW-53 
5890.32 Well TW-58 
5950.38 Well TW-57 

6834.3-2, 
6 <2> &c> • 
6670.46 
6389. 
66 

State Plane Coordinates 

Northing 
368989.7057 
368045.6152 
3G728S.8330 
366439.8780 
369011.3940 
368067.3035 
367308.2209 
366458.2659 
367979.0964 
368050.2397 
368052.3900 
368055.2399 
368980.1644 
374365.9107 

Easting 
656732.5993 
656739.0828 
656744.2731 
656750.1101 
652132.6505 
652139.1340 
652844.3165 
652850.1535 
656276.0578 
655739.7553 
655240.5318 
654739.8404 
655458.2033 
654000.1960 

M.P. 
of Cement 
Grfoffld I Description 

Corrected 

EM-1 0+00 
EM-2 0+00 
EM-3 0+00 
EM-4 0+00 
EM-1 46+00 
EM-2 46+00 
EM-3 39+00 
EM-4 39+00 

5910.00 5908.40 Well TW-56 ttOf.TXD 
5886.33 5884.64 Well TW-55 
5888.96 5887.79 Well TW-54 
5880.39 5879.56 Well TW-53 561 €>. 4<b 
5892.74 5890.32 Well TW-58 
5952.54 5950.38 Well TW-57 5 S 50̂ 5̂ " 

T3EC ZZ. mz- f 

1 

LAND SURVEYORS CIVIL ENGINEERS 



APPENDIX H-5 

WELL INVENTORY 

Golder Associates 



SODA SPRINGS AREA WELL INVENTORY 

A well inventoiy of the Soda Springs area was conducted in 1992 to determine the 
number, location, and use of wells located within approximately 24 square miles 
surrounding the Monsanto Plant The area covered in this inventory includes wells that 
may tap groundwater downgradient of the Plant, and upgradient wells that may 
potentially be used to obtain background groundwater quality data. A compilation of 
existing wells for this area was prepared from: 1) driller's well logs on file with the Idaho 
Department of Water Resources (IDWR), obtained from the Idaho Falls and Boise offices; 
2) a listing of water rights on file with the IDWR in Boise; 3) well information obtained 
from the United States Geological Survey (USGS) Water Resources Division in Boise; and 
4) a review of published literature. 

The well inventory information was updated in June 1993 by reviewing files from the 
IDWR and from the USGS for any new wells within approximately 24 square miles 
surrounding the Monsanto Plant. In addition, a drinking-water database obtained from 
the City of Soda Springs was reviewed. A field survey was conducted of wells located 
approximately 2.5 miles downgradient of the Monsanto Plant to verify well location and 
use. This downgradient area represents the area that could potentially be affected by 
groundwater flowing south from the Monsanto Plant before discharging into Soda Creek, 
Bear River, and Alexander Reservoir. Well owners were interviewed if possible and field 
survey forms were completed for each well Survey forms and well logs (when available) 
are provided in this appendix. The inventory does not include monitoring wells owned 
by Monsanto or Kerr-McGee. 

Well uses were broken down into several categories including: domestic, heating, 
industrial, stock watering, testing, de-watering, and irrigation. The results of this survey 
area summarized in Table H-l. The well ID numbers in Table H-l correspond to well 
locations shown on Figure H-2. Table P-l includes other names by which the well may 
be known, well location, well owner information, well depth, year drilled, proposed use 
of well water, and well information sources. The well locations are sorted by township, 
range, section, quarter section, and 40 acre tract and are derived from the system utilized 
by the USGS in Idaho and is presented in Figure H-3. Proposed water use definitions are 
as follows: 

A - Abandoned 
D - Domestic 
DW - De-watering 
H - Heating 
IN - Industrial 
IR - Irrigation 
M - Mining 
S - Stock 
T - Testing 



When two or more informational sources were available and were contradictory, the 
subsequent information was placed in parentheses or brackets in order to distinguish 
from the first The well informational source definitions are as follows: 

FV - field verification 
SS - City of Soda Springs drinking-water database 
WL - Driller's well log 
USGS - United States Geological Survey - Water Resources Division 
WR - Listing of water rights 

Results of this survey indicate the majority of wells considered in the well inventory are 
for domestic use. Secondary uses include irrigation and stock watering. 



December 7,1994 
TABLE H-l 

SODA SPRINGS AREA INVENTORY 

913-1101.212 

Well 
No. 

Location Name and Address Depth 
(ft) 

Year 
Drilled 

Water 
Use 

Source of 
Information 

1 8S 41E 24ba Mrs. Hilda Thompson 
Soda Springs, ID 

19 1965 D WL 

2 85 41E 25bd Monsanto Co. (off-rite) 
Box 816 
Soda Springs, ID 

195 1989 IR [M] WL, [WR] 

3 8S 41E 25bd Wells Cargo, Inc. 
Soda Springs, ID 

69 1966 IR WL 

4 8S41E36cc David Qegg 
399 N 2nd E 
Soda Springs, ID 

212 1981 D WL 

5 8S 42E 19bobl Lav Heber 25 1967 S USGS 

6 8S 42E 20aa Carl E. and Carelyn Lowry 7 7 D WR 

7 8S 42E 20aa 
[8S 42E 20da] 

Brent Maughan [William B. Maughan] 
Soda Springs, ID 

127 1974(1975) D 
PRAD] 

WL»(U5GS),[WR] 

8 8S42E20ad 
[8S 4ZE 20aaal) 

Ray Nelson 
Box 344 
Soda Springs, ID 

147 1975 D WÎ USGS),WR 

9 8S 4ZE 20bccl Ira Ellis 50 1927 D USGS 

10 8S42E20da 
(8S 42E 20dabl) 

Wayne Porter (Cove Construction) 
Soda Springs, ID 

125 1964 (IN) WL, (USGS) 

11 8S 42E 20dadl Myrtle Campbell 80 1937 D USGS 

12 8S 42E 21bcc NA. Degerstrom, Inc. 7 7 IN WR 

13 8S 42E 28bc Don C Panting 7 7 S,D WR 

14 8S 4ZE 28dc Bill Vandegriff 
Soda Springs, ID 

115 1978 D WL 

15 8S42E28dc 
(8S 42E 28cdcl) 

Archie Vonberg 
Soda Springs, ID 

90 1966 P) WL, (USGS) 

16 8S 42E 29aa A.J. Garn 
Soda Springs, ID 

74 1976 D WL 

17 8S 42E 29abal Tom Cellan 7 1949 D USGS 

18 8S 42E 29ac Eugene A. 8c Opal M. Anderson 
Soda Springs, ID 

65 1980 D WL 

19 8S 42E 29dd Van Garner 
P.O. Box 305 
Soda Springs, ID 

78 1983 D,S WL 

20 8S 42E 30dd Monsanto Chemical Co. 7 7 IN WR 

21 8S 42E 31ad Monsanto Chemical Co. 7 7 IN WR 

22 85 42E 31ad Monsanto Chemical Co. 7 7 IN WR 

23 8S 42E 31ad Monsanto Chemical Co. 7 7 IN WR 

24 8S 42E 31da Monsanto Chemical Co. 7 7 IN WR 



December 7,1994 
TABLE H-l (Page 2 of 41 

SODA SPRINGS AREA INVENTORY 

913-1101.212 

Well 
No. 

Location Name and Address Depth 
(ft) 

Year 
Drilled 

Water 
Use 

Source of 
Information 

25 8S 42E 31ad Wells Cargo Inc 
P.O. Boot 11511 
Reno, Nevada 

390 1966 IN WL 

26 8S 42E 32ad 
(8S42E 
30bddl) 

Wells Cargo Inc 
P.O. Box 11511 
Reno, Nevada 

120 1966(1967) IN WL^USGS) 

27 8S 42E 32bd Kerr-McGee Chemical Corp. ? 7 IN WR 

28 9S 41E lcbdl William Corbett 7 1966 IR USGS 

29 9S 41E 12bc Boyd Mason 
120 E 2nd St. 
Soda Springs, ID 

88 1975 T WL 

30 9S 41E 12addl Qty of Soda Springs 315 1937 Gyser USGS 

31 9S 41E 13bb 
(9S 41E 13bbbl) 

Howard Hahn (Howard Hand) 
Soda Springs, ID 

77 1966 D WL,(USGS) 

32 9S41E13bb Dennis Hansen 
376 N 2nd E 
Soda Springs, ID 

65 1977 D WL 

33 9S 41E 13bc Steve Corder 
(SW of city) 
Soda Springs, ID 

122 1983 D WL 

34 9S 41E 13bc Charles Schwartz 
356 S 2nd E 
Soda Springs, ID 

135 1978 D WL 

35 9S 41E 13cb Randy Corder 
159 W 2nd S 
Soda Springs, ID 

130 1978 D WL 

36 9S 41E 13cb Charles Stewart 
Soda Springs, ID 

122 1985 D WL 

37 9S41E13cc 
(9S 41E 13cccl) 

Fred Laraen 
Soda Springs, ID 

138 1974 D WL^USGS) 

38 9S 41E 13cc Merlin McCulloch 
348 S. Main 
Soda Springs, ID 

140 1981 D WL 

39 9S 41E 13cc Max Shell 
Soda Springs, ID 

165 1978 D WL 

40 9S 41E 13db 
(9S 41E 13bccl) 

William Corder 
Soda Springs, ID 

102 1967 D WL^USGS) 

41 9S 42E 5db Leroy Stevens 
340 Rose Ave. 
Soda Springs, ID 

78 1974 D WL 

42 9S 42E 6aa Fan Corporation - Gene Nicholas 
Soda Springs, ID 

86 1966 D WL 



December 7,1994 
TABLE H-l (Page 3 of 4) 

SODA SPRINGS AREA INVENTORY 

913-1101.212 

Well 
No. 

Location Name and Address Depth 
(ft) 

Year 
Drilled 

Water 
Use 

Source of 
Information 

43 9S 4ZE 6ad Ref. Chem. Engineering & 
Construction Co. 
Soda Springs, ID 

106 1967 D WL 

44 9S 42E 6ba 
(9S 42E 6ab) 

Lynn Harris 
Soda Springs, ID 

64 1969 D WL»[WR] 

45 9S 42E 6da 
(9S 42E 6addl) 

Larry Lewis 
Soda Springs, ID 

105 1974 D WU(USGS),WR 

46 9S 42E 7bb Soda Springs School 
Soda Springs, ID 

800 1982 T[H] WL,[WR] 

47 9S42E 8bb Ralph J. Marriott 
760 E Hooper Ave. 
Soda Springs, ID 

40 1968 D (yard) WL 

48 9S 42E 8ca Steve Butikofer 
(East of dty) 
Soda Springs, ID 

240 1981 D WL 

49 9S 42E 8cd Richard Hendricks 
161 E Oneida 
Preston, ID 

135 1978 D WL 

50 9S42E 9ac Albert Christman 
80 N. Hooper Ave. 
(Wood Canyon #3) 
Soda Springs, ID 

305 1978 D WL 

51 9S42E9bb Dean Martinsen 
(East of city) 
Soda Springs, ID 

415 1977 D WL 

52 9S 42E 9bc Leonard D. Owens Jr. 
160 N. Main 
Soda Springs, ID 

426 1976 D WL 

53 9S4ZE 9bc Stephen Penn 
(East of city) 
Soda Springs, ID 

420 1981 D WL 

54 9S 4ZE 9ca Ron Bullock 
(Wood Canyon #2, lot #5, block #2) 
Soda Springs, ID 

267 1978 D WL 

55 9S 42E 9ca Mike E McCabe 
(Wood Canyon #1, Lot #5, Block 1) 
Soda Springs, ID 

365 1978 D WL 

56 9S 42E 9ca Douglas E Moore 
Soda Springs, ID 

293 1976 D WL 

57 9S 42E 9cadl Encil Hines 365 1955 S,DW USGS 

58 9S42E9d> 
(9S 42E 9cbcl) 

Eddie Lee [Eddie and Donna Lee] 
Soda Springs, ID 

219 1969 D 0R,D] WL,(USGS),[WR] 

59 9S 42E 9cb CE Lundin 7 7 D WR 

60 9S 42E 9cb Norman Sparrow 
Soda Springs, ID 

285 1979 D WL 



December 7,1994 
TABLE H-l (Page 4 of 4) 

SODA SPRINGS AREA INVENTORY 

913-1101.212 

Well 
No. 

Location Name and Address Depth 
(«) 

Year 
Drilled 

Water 
Use 

Source of 
Information 

61 9S 4ZE 9db 
(9S 42E 9dacl) 

Dale Dunn 
Soda Springs, ID 

175 1967(1965) D,S WL^USCS) 

62 9S 42E 9db Byron Seeley 
Soda Springs, ID 

247 1980 D fIR,D] WL,[WR] 

63 9S 42E 9dc 
(95 42E 9dcal) 

Lowel Thomas 
Soda Springs, ID 

150 1963 D WL^USGS) 

64 9S 4ZE 9dd Dorsie (Bill) Hines 
Soda Springs, ID 

80 1968 D WL 

65 9S 42E 18aa Val Gibson 
Box 357 
Grace, ID 

150 1984 IR WL 

66 95 4ZE 18ab Larry Hildreth 
261 S 3rd E 
Soda Springs, ID 

45 1983 D WL 

67 9S 42E 18ab Val M. Steele ? 7 KAD WR 

68 9S42E 18ad 
(9S42E 
18bddl) 

Stanford Steel 
Soda Springs, ID 

72 1966 D WU(USGS) 

69 9S4ZE18bd 
(95 42E IScaal) 

Mark Steele 
900 Block S 3rd E 
Soda Springs, ID 

108 1975 D WI*(U5GS) 

70 9S 42E 18dc LaDell Porter 
Soda Springs, ID 

165 1975 D4R WL, WR 

71 9S42E 18dc Robert Ringel 
Soda Springs, ID 

160 1973 D 
PRfS/D] 

WL, [WR] 
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l>bM BY : StA TILh ; 6- 2-93 ;10:15AM ; GOLDER ASSOC1ATES- 2085473312:# 3/11 

SODA SPRINGS AREA WELL INVENTORY FORM 

Well Number: Date: id 
Other Well ID: Surveyor:. 

Name of Well Owner: (2i<Uj nf~ 

M<<3 
ojce^ 

Well Location 

Owner's Address: °\ \a)<P^\ ?_rA fSOUCth 
TKDrtK <^)Y ' — 

Street Address of Residential Well Site if Different from Owner: 

nn nrMrcTS^ 

inrvy _co graj>f7~ 

Current Well Use: -tOUTlSm + HlT hOr i jkCJ *  / ,s  r  n 
|O/10̂ UIP 

Verification by Owner/Occupant of Well Use: 
(signature) 

Well Water in Contact with Humans: ______ Yes No 

Well Coordinates: Lat: Long: 
System: 

Township ___^VS Ranee: M ] £ Section (nearest 1/4 1/4Q: /£ S£/w ,>f k£lft 

C I 
Well Specifications: 

!n".â tionDi"e:- T Total DepUi (ft): tuCT' 
Well Construction Type: " — 

Pump System Type:  ̂

Well Access for Sounding: 

Other Information: 

Photograph Taken 
Well Log Available 
Well Log Obtained 

No Yes Photo Number: cP 
Ty*- No Yes 

— No ^ Yes 

Otiier:_ 



btAI di • st.Ai !Lt b- n-aa . iu • iOAM ; WLDLK ASSOI iA Itb- 2Ubo4/b312:# a/11 

SODA SPRINGS AREA WELL INVENTORY FORM 

Well Number: 
Other Well ID: #271 tOfp. 

Date: &? ] ?) 1 1̂ 
Surveyor: (̂  

Name of Well 

Well Location 

Owner's Address 

Owner: IT) OA&mfo Ciwtl tCZj CompAncA 

_25&>y. ©I (c, jhjLJH- 2>^ 
-lT> 

Street Address of Residential Well Site if Different from Owner: 

Current Well Use: fin IMI IX ĴL, 

Verification by Owner/Occupant of Well Use: 

Well Water in Contact with Humans: 

(signature) 

Yes No V. 

Well Coordinates: Lat: 
System: 

Long: 

Township Range: M<2. & Section (nearest 1/4 1/4:); io O&M &£0£{f< 

— ( 
Well Specifications: 

Installation Date: 
Well Construction Type: 

Pump System Type: 

Total Depth (ft): 

Well Access for Sounding:. 

Other Information: 

Photograph Taken 
Well Log Available 
Well Log Obtained 

 ̂No 
No 
No 

Yes Photo Number: /Q~̂  
tA Yes 

Yes 

Other:, LO&U lOCarfgd PrT\ prQQ? jT+Uj Of 

fi!d—ter. (PorAePar), Pyg(Y.-t- /, vi\ 

loo*ir>n rv* Ven-figH, ?IA -P̂  r nrl 

^gCU.rp/:( >—XO-fpAT\ r£)T5u A?ri P-h. 
- ry\c^ScLA-hO • 

i no 



• r >.AW*> . 

neU Lo,; ?orr. 1 

T3/iru.n'ra 

JL« 34 1968 

Department of Reclamation 
WELL LOG AND REPORT TO THE 

STATE RECLAMATION ENGINEER OF IDAHO —• - -

suuki? wrniiN so days after cowl£?:jk of jell: see Idaho statutes 42-230 

Permit He.. _W»II Ho Cjvnly Cor lb 00 

r,  ̂Fan Corporation 0«MJElohola« 

Sod* gprlnea Idaho 

Locoto wolt In atttlan 

Dilbr 
Iran Bortx 

Addrmt Croeot Idaho —— 

.—NWy. Nt%— 

' See., 

ji IVf'/i 
Woll l<xetlonfi/& y._B/i_.V. St 6 • T--0- *--42 

Slia of dHlltd hol._fi" 

T-tfii d.pth of woll 88 ft. 

OHo dopth to .tending wotw from tho ground —Wo tor limp, »Fohr, 

Tost dollvory wot - g.p.m. or fcf.t. Drawdown wo«_£?—fool. Pump? Bo 117.2 

SIto of pomp end motor utod to moko — 

Longlti of tlmo of tool houn —mlnutot. 

H flowing wofl. glvo flow c.f.t. or g.p.m. end of thut off protturo 

H flowing wofl. dotcrlbod control workt— •; 

SB'A 

itVOC AMD Din O* VAUVC. CTC.I 

Wotor will bo otod lor.P??!̂ ' Wolght of eating pot llnoal foot-

Thick not* of coring Coring motor... — - (••ccur eoNcntTt. wooo. rrc.i 
•" xi. Top of hole to 86ft. 20ft. of bottom poroforatod 

Dkrnwtw, Wng* ond locotim. of raring rn o,.-rr.ro7l:»T. olv. .noroc 
CASINO OVCR It" IN OIAMCTKA. OIVC OUTSIDC OIAMCTCR> 

20ft* on bottom grtTol peofeed* Cement sealed on top of grarely He..t baok filled vlth em* 

rrlth rntPT-v „ 

CASINO RECORD 

Dksm. 
Coring 

From 
Foot 

To 
Poet longth Romorkt—toolt, grouting, ok. 

a" 

Number ond tlie of perforation*— Jocotod_6C feet to—£6 feet from ground 

Dote of commencement of A |tay , 1966 Pnt» of completion of welHf^* 1266 

<?5- 4U roe AO e 



vmi too 

From 
Foot 

To 
root 

Typo of Motorist 

mmm 

ih Hi 
< 

fiolT " 

mmm 

ih Hi 
< 

g 16 

16 60 Saad h loo* elnders 

40 60 Molvt 

50 60 IAVS (soop of water • 60fte) jros 

60 76 Sud A la TO cinders 7*1 

yes 

pi— 

yo« 
7*1 

yes 

pi— 

yo« 
76 

If mora tpoco It raqwlrad vto Shoot No. 2 

Will ORIUirS STATSMINT 

TVIt mil m* drilled Wtif my (opertrltlwi "I the obetro Inleneatlefi It complete, tf»e ond eenoet to the belt el 

my kiMwMg* ond bollof. 

Signet! •> • "ft-

»r Iron Bcrtt 

61 
^ Ucettte No 

Ooto«L_S_Ll_i-!J ' 19-^4. 

'fell Driller's "*'p" 

V . 



SENT BY:SEATTLE ; 6- 2-33 ;1 U: 15A.M ; GOLDEK ASSOCIATES- 2U80473312;# 3/11 

Well Number: E\?C±Y)C 
Other Well ID:  ̂

SODA SPRINGS AREA WELL INVENTORY FORM 

A 3  
Date: (j? f 3j^3 
Surveyor: 

fc&f. cftzm. iOO-W . 
Name of Well Owner: Adt/^nfay, 

Well Location 

Owner's Address: HOI |Q. Koopgf 
-J=O(\ck. p̂rirvyj XT) <P, 

Street Address of Residential Well Site if Different from Owner: 

Current Well Use: rto&ririoneA-fniyr -Hlted m amdrS 
{fjuns)/? ri J 

Verification by Owner/Occupant of Well Ui 

Well Water in Contact with Humans: 

Well Coordinates: Lat: 
SyBtem: 

Long: 

Township 

Well Specifications: 
installation Date: ^ (<g| - )£? G "2^ 

Range: 42^ Section (nearest 1/4 1/4:); h G&'/-1 of /\ib Vcf 

— ( Cr> O&Vm of (Nc 

Well Construction Type: lr " | rfrfSnogj 
Total Depth (ft): (35 

_LJ 

Pump System Type: |pU^p YTjA ^ A\M KUJC 

Well Access for Sounding: P\ Q 

Other Information: 

Photograph Taken: 
Well Log Available: 
Well Log Obtained: 

/ No 
No 
No 

Yes Photo Number: I 
Yes 

y Yes 

Qther:,..j-h isrv-l 3Dof iiQuO? o4~ u*?Jl lor zhr>r\ 

_0n 0fD\xrvl (̂xr-frLCg , WcJi io (or r« Tori /9Jrmcj 

c<* 

(V") 

Mrkj) £ouut±0rr\ \QGiir\diruî  



f i t . , .  

Ini^ 
JUL 5 1807 REPORT OF WELL DRILLER 

State of Idaho 

State law requirea that this report ehall be filed with the 
Engineer within 30 days after completion or abandonment of the well. 

jf^gRefEngineering A Construction Co. 

AddrssaSoda. Serines. Id aho 

Sine of drilled hole: 
depth of well: TOBft. 

Ilevel below ground 
lFahr. Teet delivery:, 

cfe Pump? " F~1 

6* TotSl'"" ' 
&'ending water 

Temp. 

HEJ BP" 
68ft. 

7>*m*r-1 a Permit Bo. , .|| 
NATURE OF WORK (check): Replacement L_l 
Hew well [x] Deepened [_J Abandoned [_J 
Water la to be uaed for: n— 
METHOD Or CONSTRUCTION: Rotary Q Cable [H 

*"« D _ IT— 
CASINO SCHEDULE: Threaded Welded __ 
5 1 / 2  "Diam. from -2 ft. to 4 A ft. 

"Plan. froe______ft. to ft. 
"Dlam. from ft. to 
"Dlam. from ft. to 

'ft. 
'ft. 

Isise of pump and mote.- uaed to make teat: 

li-anpth ol time of teat: Hra_. Mln.— 
[Drawdown: ft. Arteeian preaaure: ft. 
above land aurface Olve flow cfa 
lor Jo gpm. Shutoff preaaure:. _ 
(controlled by: Valve Q Cap |_J LJ , 
|NO control • Doee well leak around casing? 
'ee _) No Q 

DEMH MATERIAL WATER 
YES OR NO 

Thlckneaa of caaing: A 
Steel • concrete D 

Material: 
wood n other t~l 

(explain) 
PERFORATED? Yea II 
perforator uaed: 

No Q ***• of 

Sisc of perforations 
perforationa from 
perforationa from 
erforatlone from 
perforations from 

WAS SCREEN INSTALLED? 
Manufacturer'a name 
Type 
Dlam. Slot alne Set from 
Dlam. Slot size Set from 

Model No. 
ft. 
"ft. 

to_ 
to" 

_ft. 
ft. 

CONSTRUCTION: Well gravel packed? Yea • 
No. Pn aime of gravel Oravel 
placed from ft. to ft. Surface eeal 
provided? Yea • 1,0 LJ 10 vhat depth? 

ft. Material uaed in aeal: 

strata contain unusable water? Yes Did any 
No. Q Type of water 
Depth of strata 
atrata off: 

ft. Method of eealinJ 

Surface casing uaed? Yea I I Ho. 
Cemented in place? Yea [_J No [xj 

Locate well in aestion 

nr 

T 

• Secr-

~r 
i 
i 

• T ' 
I 
I 

-f-
I 
I 

. L 
t 
I 
i 

rr.r.T FEET 
0 

f-I— 
1 6 Send y loose rook 
1 12 BR 
I no -70" 
Htr 50 -r«v hard lew. first wstor d 901 :tye« 

1 90 lOQ Crsvaeed lev* with water yes 
100 JOB Blank water yes 

J| 

IVork ata rted: Jun*. 20. 191 37 
Work finished:June, Z3f IS 17 

LOCATION OF WELL: 
"" * Sec. 

itAaaavu ».r-» ...... ——-
lie true to the beat of my knowledge. 
Name; Ivan Borts 

IAdJress: Creee. Id aho 
Signed by:_ 
License No. -Si- Date : 

'Jt/S R. Ji 'jt/H 
Dae other side for additional remarks 

U3 

I I  



UL-: \ i U i • 1 J u — uu » UVUJLJX .•i2̂ 3y\_ J rl 1 ^ U O D - f 0 /  I  i  

soda springs area well inventory form 

well number: \\ckjtit tS 1ajp i ( date: Lg> j 5 | Q 3 
Other Well ID: DA- surveyor: sf>j3es foorj-qr\ 

Name of Well Owner: MonSCLntO QjVj))t r &( Cd 

Well Location 

Owner's Address: VOP^K 81(g , HiQht>OjuLf 3t-/ 
t>oc\a Jxn 

Street Address of Residential Well Site if Different from Owner. 

n88 T)dm PsriA 
3pnny _LO ê T-̂ to 

Current Well Use: 00 QkXfCCC* (lS£̂  GZct.rt- -for 
fni/irjnmentrxi fV v̂Nphn̂  

Verification by Owner/Occupant of Well Use: 

Well Water in Contact with Humans: 

(signature) 

yes no sc 

Well Coordinates: Lat: 
system:, 

Long: 

O G Ll r— ( (j?Q. to 3 
township zlo range: hq/fa: section (nearest 1/4 1/4:): 

U> MYu pf L̂ '/vf 

Well Specifications: 
installation Date: 
Well Construction Type: 

Pump System Type: 

Total D«pth (ft): C=M* 

no -Dfimp insreil^rl 

well access for sounding:_ (jt̂ L 

Other Information: 

Photograph Taken 
Well Log Available 
Well Log Obtained 

/ No 
No 
No 

Yes Photo Number: 
^ Yes 
s/ Yes 

Other: •-AOeii—loc^r^d in orrt^ngmund r>udi housi, 

Ll 



USE 'Tj'PEWRITErt OR 
h.BALL.POINT PEN CJ State of Idaho 

Department of Reclamation 

WELL DRILLER'S, REPORT T ^ . . .. , 
f law. requires .that.this report,be fil^fWIth'the.Swt&igeclarnation^yjgifjee^^i lii]; 
t within 30 days after completion-or abandonment of the well. 

1, WELL OWNER 

' Name J t/ A'/U ' ?/A f\ I $ 

<A .̂ .T^nA .V/V?/ A'C.5~ /A-)/,rf' 
v 

. •' • . #.!• . • S%. • r '. as.il >', y 
/Owner's Permit No. i_i-

2. 'NATURE OF WORK 

• * 5 •  ,  * * 

> rplAbandoned (describe method of abandoning) 1 ' 

•* . 
i ' ' 

Discharge G.P.M. • *" Draw Down 7 - Hours Pumped • * 5 •  ,  * * 

> rplAbandoned (describe method of abandoning) 1 ' 

•* . 
i ' ' 

v -Abd vSr • • ? « ' . y y - - l  - - v  

• * 5 •  ,  * * 

> rplAbandoned (describe method of abandoning) 1 ' 

•* . 
i ' ' 

i »- • *  - •  

• * 5 •  ,  * * 

> rplAbandoned (describe method of abandoning) 1 ' 

•* . 
i ' ' 

:• ' ?• •' 

.3., PROPOSED USE 

' .'./d Domestic • Irrigation • Test 

' O Municipal • Industrial • Stock 

'*• 

4. METHOD DRILLED 

' Cable '. • Rotory • Dug • Other 

S. WELL CONSTRUCTION 

Diameter of hole & inches ' Total depth £"** ' feet 

. 'Casing schedule: .0 Steel • Concrete 

« 4 Thickness -Diameter ' -From To -. 
:^-V5LfIC inches "'t1 " inches / / feet .*£££_feet 

' 'll Inches _____ Inches feet '_____ feet 
/ f<-' inches ; Inches - feet ; _ 1 feet 

V-<g* Inches ' Inches ' feet 'feet 

_ feet Inches inches ' feet' 

.Was a packer or seal used? 
i, 

• Yes • No 

Perforated? ' • Yes • No 

; 'i'How perforated? • Factory • Knife ;0 Torch 

V5iie of perforation <*» inches bv inches 

r ; N u m b e r  From To 

/£ perforations STf* feet <« 3-

perforations feet " 

perforations ' feet 

; Well screen installed? 

•• Manufacturer's name. 
•' -Type 

feet 

feet 

feet 

• Yes • No 

Model No.. 
.Diameter Slot size Set from. 

" . Diameter Slot size Set from. 
.feet to. 

.feet to. 
.feet 

.feet 

1 feet 

j.^/Gravel packed? , D.Yes, P No.Sire of ormiel 

Vyjlaced from feet to 

ii.'j.-tv"'? . ' 
' ."• Surface seal? Yes b No To what denth /LK. feet 

.'. ';.N|aterial used in seal ,0 Cement grout ' Puddling clay 

6. LOCATION OF.WELL , 
d .•-i •' ' 
• .'Sketch map location must agree with written location. 

jJvr- n 
* v-

mr. 

I ' ; <  

W 

ill ' i -. 

1 
I 

j---
I 

• 1 
•» t 

j-—' 
1 
1 

1 
1 
1 

J 

1 

» 

, - '  , • '  
v , - > -  •  

'* County ^ 

[:%-
if? ... : 
, V- • I -

ttyWTtt Sec.. 
7 IN • • 

JL T. -N/S R. >1 ' .E/W 

.,•7/, WATER'LEVEL*.' • . : • : if ii-.ftf' 7. ' - \-/: 

<$&•< r'_w.:4:;;-.y-.' 
r  '  »*  -  / fr * "  * •  *  /  r  •  ^ ,  

Static water level /O i* v- feet below land surface 
. Flowing? ^ D Yes. ' • No G.P,M.|flow 

'•'i*Temperature '*"•*:* F: 'Quality ' ' '' • 

, 4Artesian.closed-in pressure/ 
•7* Controlled by - • Velvet • • Cap • Plug 

V ' 
n  a <  

_iPAi. • (.f .• •'» 

; f • j; •: I.v\ i. r ' 
8AWELL TEST DATA.- '.J i. -V. 

' .  A : i '  " . . .  "  '  . 1  .  .  Y '  , i  . . .  
..w'D.Pump- ^'Bailer.;.- .• -Other • ? 

.9. LITHOLOGIC LOG 

Hols' 
Diam. 

Depth 
Material 

Water Hols' 
Diam. From To 

Material 
Vat No 

A <* 

/T 
fT V- C-Ay 

(TAti/nre* JLAVA ^ - K 

T7 
*'? </ /tifeXTV y/f .TTi^T- r 

ft ': Mfib «:'?»' -''V 

•f * i t -  « •  «  *i' * 
: ."v » s  • • . 1; > t-!-.#:• ••.Ti"/!. • •a4JC 1 

7' r. ; i*-. . 1- ,t ^ > 
1 , i, i*1 ! +•' v :.| /W.W'idN 

V * ' • • >• ; »."• • • / ' ,V-*:V 

* :»r • ' * i" 

. • 1 •" • ;••• •••" :• .. .i-..-. J .. -.:/»v »' • * 

A'i > V- ..: 1 ' ̂ V. -.'liv r . " V.'l- r • If' 
v.* * • *~- 1 . • •" •"•». .-•'r' V- 't,-' !«?• •i-'1 ''5„' 

• *;• * ; s X <  t *  1  • *  ' A. 

. - , • .. < • » . .  ^ :  v « ^  v. 

• • • '* • y '7*>' 

t 
" 't 

•  •  • . . . • •  «  '  •w" 
. 1 • • ,1 s,r 

>' ' * *  ' ' ' " 

• ( - • . . -a ... -
1 .. 1  . w* \ '  -  » 1 •  .  Wwi i. 

»-• ' * •' »,"Vi 

- - f. ' t a ' 

1 , 
' ' 

* 

• f t !  , ff. 'i ; 1 / • If : •< - • . • ' # , jl •; 1 

' ;• at : ' V' • *r' 

• '»r /•*.•'*¥**"• *. J.I* •• ~ >1 " J 

. .t' 1 V 1 • •; •. 1 . 1 v•• 

(' 1, . •• i •. 

^ ' 

iWork started 

^ -*1' I! -' 

I J 
|V' 
11. DRILLER'S CERTIFICATION 

, . ''This well was drilled under my supervision and this reportl^V'.y: 

• true to the best of my knowledge. ;; 

Dtu -/r̂ cSSf-; 



'.'L. \ I O 1 • 3L.-1 1 I 1 . t>- j-ao ;iu-idam IriJLUtK ASSOC IA1 tb~ 2U85473312:s 3/11 

SODA SPRINCS AREA WELL INVENTORY FORM 

Well Number: Lê Jî  U)<?J t Date: Cot ?> j Q 3 
Other Well ID: hfLurr\ ioLr Surveyor: 

Name of Well Owner: «r>H- -Hu.nnb)r, 

Well Location 

Owner's Address: 540 F 48Q Q 

j fvorta rSpnntp TTS 

Street Address of Residential Well Site if Different from Owner: 

fOfir 

Current Well Use: 

Verification by Owner/Occupant of Well Us 

Well Water in Contact with Humans: 

./&UL 
(sirrr̂ ture) 

Yes No y/ 

Well Coordinates: Lat: 
System: 

Long: 

Township Range: M 2£" Section (nearest VI 1/4:): U KJ&Vu nC tion (i 

c 
Well Specifications: 

installation Date: S" M-

bcleO) 

Well Construction Type: . P)" -+Q W j 1"  ̂ jQ »̂ 

Pump System Type: ZZZIZZIIIZZIZIZIÎ -" 

Well Access for Sounding:, / 

Other Information; 

Photograph Taken 
Well Log Available 
Well Log Obtained 

No 
.No 
No 

Yes Photo Number: _J_9_ 
vX Yes 
v/ Yes 

°ther:—\t)Q!r&r -G>r cj\nrn\ hflu^-c 

~ "25 hQS • UJgj( is IQCCcf^cl in -frDnf-

drweA^XiLj «*- is n\rmsf nrwpLtfy.tc[ bmr/oA. 



USE TYPEWRITER OR 
BALL POINT PEN 

OldlU Oi lUdllU 
Department of Water Administration 

WELL DRILLER'S REPORT 
MS E!D7,7?! 

"i 
State law requires that this report be filed with the Oireclor, Department of Water Adminiitretion wl^[j^802(. 

days after the completion or abandonment of the well. 

' J  

1. WELL OWNER 

J /?/?/? y /.r vii—: 

Sc Ai 5 , TJi S u 

Owner a Permit No. ____________ 

2. NATURE OF WORK 

pf New well • Deepened • Replacement 

• Abandoned (describe method of abandoning) 

3. PROPOSED USE 

pf Domestic • Irrigation • Toot • Other (specify type) 

• Municipal • Industrie! • Stock • Woete Olipoeol or 
Injection 

4. METHOD DRILLED 

'(1 Cable Rotory Q Dug D Other 

5. WELL CONSTRUCTION 

Diameter ol hole <£ Y# inches Total depth /^ feet 

Casing schedule: 0" Steel • Concrete 
• Thldrness ^Diameter From To 

> i-%0 Inches 3" T'-O. inches < / feet / ? feet 

, i.K C  inches 7"X.P.inches _AJL feet J F feet 

• 3. St inches S"I,P. inches J1Z- loot M S . feet 

inches _____ inches ___ feet feet 

_____ inches _____ inches • feet feet 

Was a packer or seal used? • Yes CSTNo 

Perforated? (3 Yes O No 
How perforated? pj Factory 03 Knife • Torch 

Size of perforation inches by -?" Inches 

Numbtr From To 

%. 6 perforations X S feet 2* S feet 

perforations _______ feet feet 

perforations _______ feet feet 

Well screen installed? 
Manufacturer's name. 
T ype 

• Yes as No 

Model No. 

Diameter Slot size Set from _____ feet to feet 

Diameter Slot size_ Set from feet to feet 

Gravel packed? U Yes (3 No Size of gravel. 
Placed <'"•« leet to feet 

Sirtoco teal deplh_Z_2_ Material used In seal J3T Cement grout 

O Puddling dor O Well cuttings 
Pet Seeing procedure ueed • Starry pel 0 J—eaedw surface easing 

Ql Overbore te seal depth 

6. LOCATION OF WELL 

Sketch map location must agree with written location/ "Kl 

N \ ' / 

Subdivision Nome. 

Lot No.. . Block No.. 

County. C 'J r j it £ C 

/l '/.if '/.Sec._j£_.t. '7 w/s r ?g-_e/ty 

7. WATER LEVEL Department 8, VlJ,m 
t tasiern 

Static water level X 7 leet below land surlace 

Flowing? U Yes Of No G.P.M. flow. 

Temperature _JlA—1 F. Ouality G e e d 

Artesian closed-in pressure p.s.i. 

Controlled by • Valve D Cap O Plug 

8. WELL-TEST DATA 

• Pump D Bailer 0T Other 

Discharge Q.P.M. Drew Down Hours Pumped 

9. LITHOLOGIC LOG 

Hoi* 
Diim. 

DvplH MattrUI 
We 

Yet 
•r 
No Hoi* 

Diim. From To 
MattrUI 

We 
Yet 

•r 
No 

6 
j 

y 
n 

V e,- e nr.... 
/ / S t - J  ffrVt L S V 3  J r  

7 */f{ n A f II II 0 y 

X 
tt 7f /fete/ C./uje.r-'. r 

y 

X V 
(' y* 
m-
3 k 

3 t 
•fv 

3/ S i -3 /if 9 JJ//e / S y «t 
II ' t " 

if V/ V J - efk erd ii/J a 
ft & t- rt afe-i-j ala st/ 2 3_î A_ k 
H fri- c > e * i f * tl i a ii s a 
// 2cx Sd 5 2/a , j 2* * a x 

1 1 

10. 
Work started. 

7-Al_l2X_ finished V' /y'7 Y 

II. DRILLERS CERTIFICATION 

Firm Nome fit O > /'///̂ * r.rm 

AOdr'ls! ' 'j* W • J* * rSZ 

Signed by (Firm Olliciol) )̂'Ay f( J. 
ond 

(Operator) — 

USE ADDITIONAL SHEETS IF NECESSARY FORWARD THE WHITE COPY TO THE DEPARTMENT 



:>L \ I CSV : in A l I LC ; tr 2-XI 1U; 15AM 21)85473312:# 3/11 

SODA SPRINGS AREA WELL INVENTORY FORM 

1\\P 
Well Number: f4oopr?8 jSr hOOI IMslf Date: Cr>( 3 I Q3 
Other Well ID: „L̂ r Surveyor: 

Name of Well Owner: CI I Dp S~QCfG <Spn/VjO 

Well Location 

Owner's Address: 
h>°4<C- ^nr^ST sZiS 

Street Address of Residential Well Site if Different from Owner: 

12A 

Current Well Use: C^MTh DJrrnr^l PnZra U y 

Verification by Owner/Occupant of Well Use: 

Well Water in Contact with Humans: 

(signature) 

Yes No 

Well Coordinates: Lat: 
System: 

Long: 

Township —3S Range: Ml-fiT Section (nearest Vi 1/4:): T- Nl/Î  rf Kji.Viii 

—O-ioh ̂  
Well Specifications: 

installation Date: O t> 
Well Construction Type: 

Total Depth (ft): F>CC)Ci-

Pump System Type: HQ pU rr\p - cTrfcitSickrO 

Well Access for Sounding: DO 

Other Information: 

Photograph Taken: 
Well Log Available: 
Well Log Obtained: 

Other: 6) * PQ 

No 
No 

jZLNO 
Yes 

jZ_ Yes 

Yes Photo Number: '2-~2— 

m 
T 

Q- MOO (o Sbgjz/ CCcSinc^ 

Mop-800 H" 5baz-(  \ r \ ° {  

(All lorj rtMXLslCJoi j> Cbm CuparmtHrv̂ cqt 



STATE OF IDAHO 
DEPARTMENT OF WATER RESOURCES 

USE TYPEWRITER OR 

PEN 

WELL DRILLER'S REPORT 
ifros (hat this report be filed with the Director, Deportment of Water Re1 State law requires 

within 30 days after the completion or abandonment of the well 
r Resources 

NOV 1G 1982 

1. WELL OWNER 

Name Soda Stir-infra School 

Address Soda Sortings IdahoB3276 

Owner's Pcimll No. 

7. WATER LEVEL Uepaiimsnl of Water ftcsuirces 
Eastern District Office 

Static water level feet below land surlace. 

Flowing? Kl Yes P No G.P.M. flow ' "116 

Artesian closcd-ln pressure SO p.s.i. 

Controlled by: El Valve • Cap D Plug 

Temperature 78 °F. Quality Good 

2. NATURE OF WORK 

ID New well • Deepened • Replacement 

• Abandoned (describe method ol abandoning) 

8. WELL TEST DATA 

• Pump • Bailer • Air • Oilier 

1. PROPOSED USE 

• Domestic • Irrigation IS Test • Municipal 

• industrial • Stock D Wasio Disposal or Injection 

O Other (specify type) 

Discharge G.P.M. Pumping Lewi Hours Pumper! 

9. LITHOLOGIC LOG 

Hole 
Diem. 

I. METHOD DRILLED 
10 

Rl Rotary 

U Cable 

P Air 

P Dug 

D Hydraulic 

• Other 

D novel so rotary 

i. WELL CONSTRUCTION 

Casing schedule: DC Steel • Concrete 

Depth 

From To 

0 

Thickness 

.,250 Inches 
.2 SO inches 

.280 Inches 

Inches 

Diameter 

JL 

_4_ 

Was cesing drive shoe used? 

Was e packer or seal used? 

Perforated? 

How perforated? • Factory • Knife 

Size of perloration inches by 

Number From 

_ inches + 
inches 
inches 
inches 

"ll Yes4" 
• Yes 

• Yes 

• Other 

From 

1 
To 

feel 34 leel 

leet 269 leet 

82 feet 390 
feet 
& 

feet 

feet 

• No 

Of No 

LX No 

8" 

. perforations 

. perforations 

. pcrlorations 

P Torch 

. indies 

To 

Well screen installed? 

Manufacturer's name. 

Type 

. 'set. 

.  f e e t .  

feet 

P Yes Ct No 

. feet 

. leet 

leet 

Diameter Slot size ^ 

Diameter Slot size _ 

Gravel pecked? • Yes 

Placed from 

Model No. 

feet to 

feet to 

Set from _ 

Set from _ 

(X No • Size of gravel 

feet to 

.feet 

feet 

feet 
Surface seal depth 260 Material used in seal: XX Cemcnl grout 

P Fuddling clay P Well cuttings 

• Slurry pit XX Temp, surlace casing 

XX Overbore to seal depth 

• Threaded XX Welded • Solvent 

Weld 

O Cemented between strata 
Well Cap 

1 4_ 
48_ 
5 8_ 
65_ 
72. 
72_ 
62_ 
2D. 
23—123. _ltarsLcc9X-t?A8flli_ 
123_ 
12£L 
146 

152. 
173. 
182 

241. 
25 
265_ 
270-
275-
282. 
220 

14_ 
4B_ 
58_ 
65_ 
.72 _ 
72. 
JL. 
i>0_ 
a 

Material 

Black mud 
Shale & clay 
JJartI. c ray... feaaalt 
r̂Qkfi.R-brQwuJ!osa3Jr_ 

JEiniiJjiownJĵ sQl 

.Fiina-gray-baaall. 
Brown broken basalt 
Finn brown basalt 

126 Droken & some 

ALL 
255. 

115__159 
173 
182 
221 

225_ .241. 
4.252. 

255 
.220. 
275. 

.282 
-29Q 
225 

Sealing procedure used: 

Method of joining casing: 

Describe access port 

310 
21L 
394. 
405 
.411. 
.433. 
135. 

.225J_3Q5. 
305 310 

331 
23k 
_4Q5. 
411 
J .33. 
J.35 
160 

_ilard_ccay_hasnlt_ 
Broken gray basalt 
Drown clay 
Hard gray basalt 
Broken aome clay 
Hard some clay 

.&cswn_clay_ 

_JlimjtkiieS_.EBS.k_ 
-Broken-Whits, jcack. 
JJjTn white, rnck. 
fflay rnH rar-k 

Broken. jxtck_ 
.Tu£J_red_ro.ck_4..clfly_ 
Conglomerate 
Tuff red clav 
Clay & gravel 
layers of red clay & conplom 
Blue cuminy clay 
Light gray rock firm 
Broken & clay (seepage water 
Firm gray rock 

sand clav 
Broken rock ft clav 

Water 

Yes No 

1_| 

X 

rat. 

X 
X 

X 
X 
X 
JL 
2 

10. 

Work star ted 6/10/82 

(OVER) 

finished 8/17/82 

LOCATION OF WELL 

Sketch mep location must agree with written location. 
N 

* 
i 
i 

I 
l 

i 
i 

i 
i 

l 
i 

i 
i 

i 
1 • 

Subdivision Name 

Lot No. Block No. 

Caribou unty 
Ju} — 

ft— « M— 14 Sec. .7 T. _,9 lif/s, R._/j2 Efit*. 

11. DRILLERS CERTIFICATION 

I/We certify that all minimum well construction standards were 

complied with at the time the rig was removed. 

Contr. 
Address -1268-12.-12Lli_Slisel_ Dale -6/24,/32_ 

Idaho Falls, ,Xdnho 6340)7/? 
Signed by (Firm OlliciaH tut «/ 

and 

(Operator) r) 

iiqr nnniTiriMAi ĥfpt<; in Mcrrcmnv mni»i*nhT(ir« t t: nr. :.r sv* : vr 



SODA SPRINGS AREA WELL INVENTORY FORM 

Well Number: LASfa lOg-/( 1 Date: (n I 3 ) ^ 3 
Other Well ID: Hrt r v I LJj&l\ Surveyor: 

Name of Well Owner: vTfl±J^ L»l *5 

Well Location 

Owner's Address: l(gO K-h HoOioer 
—S?acx TT> 

Street Address of Residential Well Site if Different from Owner: 

N> A 

Current Well Use: yOyd > "3̂ 0 CJ*-, 
rlomg-stir̂  

Verification by Owner/Occupant of Well Use: 
(sigr̂ tuî ) 

Well Water in Contact with Humans: Yes No 

Well Coordinates: Lat: 
SyBtem: 

Long: 

Township 0\_S Range: Section (nearest 1/4 1/4:);P> M(OVd nf 

( 8bb^ 
Well Specifications: 

installation Date: Rfrfr Total Depth (ft): Mn 
Well Construction Type: Cn \<Lr\ EHxTH- ' 

Pump System Type: UftKnffl iTK 

Well Access for Sounding: pQSSttrMu| I hlr̂  -fr>,y Jh" 

Other Information: 

Photograph Taken 
Well Log Available 
Well Log Obtained 

. No \/ Yes Photo Number: I 

. No Yes 

. No Yes 

° l h e r : — u s e ^  H? Ir)e\ 1 -Cv 

V^or-se bor^rrli/vy Vifal (3> | Ocnfrri 
—in driv/^kjqjw[ ruzGur rvfqJoLpvS 



iuerv*A w WELL DRILLER 
State of Idaho 

isfsyss 
VELL OWNER: 
Haae Ralph J. Marriott 

760 E. Hooper Ave. Address 

So<ia Serines. ZD 83276 
Owner's Permit Ko. 
NATURE OF WORK (checkj: Replacement well 

*el1 B Deepened [j Abandoned 

Vater is to be used for: water 

:0H: METHOD OF CONSTRUC 
Dug Q Other 

Iexplain; 
CASING SCHEDULE: Threaded 
_§ "Diaa. fron o ft." 

"Plan. froa_ 
_"Diam. froa" 
_"Diaa. from" 

jrard. 
• 

Rotary fx] Cable £ 

ft. 
ft. 
ft. 

Thickness of casing: 

Steel ]x] concrete Q wood 

Velded 
to 14 
to 
to ' 
to " 

7t. 
"ft. 
"ft. 
"ft. 

Length of tine of test: 6 Hra. Min':— 
Drawdown: 4 ft. Artesian pressure:ft. 
above land surface Give flow cfs 
or eon. Shutoff pressure: ~ 
Controlled by: Valve Q Cap Pi Plug I i 
TesCOpr01 6 a' leak ftround "Wng? 

rno£ « ° HATERIAL WATER 
DOM 70 yea nn mtf\ 
;£ET frtiET YES_0R R0 

____ Material: 

D other • 

(explain; 
PERFORATED? Tee Q 
perforator used: 

Ho E) Type of 

Sise of perforations: 
perforations froa* 
perforations fron 

perforations fron 
. perforations fron 
WAS SCREEN INSTALLED? 
Manufacturer'a naae 
Type_ — 
Diaa._ 
Diaa." 

_51ot sine 
Slot sise" 

Model No. 
_Set fron_ 
_Set froa" 

_ft. to_ 
ft. to" 

Tes 
Grave] 

CORSTgUCTIOH: Well gravel packed? 
Ho. gj sise of gravel 

ZlllltJ™-, to ft. Surface B.al 
provided. Yes Q Ho | | To what depth? 

edfti ' 

ft 
ft J 

,Sise of drilled hole: 6 inrh Total 
itand! 

4*20,  

depth of well: 40 ~FE 
level below ground: 
Fahr. 40 • Test delivery: 
o r  c f s  P u a p ?  Q  B a i l  , ,  
Sise of puap and aotor used to aake test: 

Standing water 
_27 Temp. 

11 

.ft. Material used in seal: 

uia any strata contain unusable waier'> Ves I I 
Ho. l2L TTpe of water: 1—1 
Depth of strata 
strata off: ~""" 

.ft* Method of oealin 

surface casing used? Yea JW No." 
Ceaented in place? Tee Q No gj 

Locate well in section 

u 
T 

I 
I 

—f— 
I 
I 

. L 

- Sec a 

• r 
i 
I 

LOCATION OF 
liSec._a_T. 0 rrs R.g? E/iT 

WELL: County Caribou 

JH 
1SL 

Soft Lima. Str,r,a> 
-Basalt V" 

work started: C 
Vork flnlchedT6 ! 2B * 6S' h-ia a _ . t ww 

4^ivDJlll!r'a """"ent: This well was 

is truf 8uPervieion and this report 
is true to the best of ay knowledge. 

Carroll Hlldreth Drinjno 

Address: Soda Springs, ID 

Signed by:_C^//- "> // 

License Nol 
y/r - i*ate: July 6. iorh 

Use ether side for additional remarks 



SENT BY:SEATTLE 6- 2-33 ;10:15AM ; COLDER ASSOC i ATES- 2083473312;# 3 

SODA SPRINGS AREA WELL INVENTORY FORM 

lob 
Well Number: <r?l uD&i 1 Date: k?\ 5 
Other Well ID: Surveyor: 

Name of Well Owner: \f&A 

Well Location 

Owner's Address: <Q(o I S 

^ 'bprp e ̂  

Street Address of Residential Well Site if Different from Owner: 

in -field - M ndrinxss 

Current Well Use: imcprtnn - foxr(coj -£V\,3 

Verification by Owner/Occupant of Well Use: ^ 

Well Water in Contact with Humans: 

Well Coordinates: Lat: & Long: 
System: 

Township — Range: Section (nearest 1/4 1/4:): . . 

ClSWi DEfa oP i-fciU 
Well Specifications: 

Installation Date: BSS Total Depth (ft): 13 6 
Well Construction Type: O - RQ ' <5bejg.( 7flSirva 

Pump System Type: Q ^ 5QQQ ^p/rT 

Well Access for Sounding: Lj-g^s 

Other Information; 

Photograph Taken: No ^ Yes Photo Number: \ 
Well Log Available: No v Yes ~ 
Well Log Obtained: No S Yes 

° t h e r : — r a s ^ c l  i n  Q < L r j -  ' S u T g ,  

/x)kiLn r-Vtlk^f 
. .. . - i • • • ^-

U>Q.I> vs 2CO' rSOLcH, of- nor-tto laoi, rv-tâ  

'A ciLwy of -£ye|r( * tfal Affirm Kx, /anairn 

^ A/Y^rrt i >TAnlr /rqcpsw /pn£[-fo hrs 

lo&li lo^Vcu^t 



omr73fci/ 
1/78 

STATE OF IDAHO 
DEPARTMENT OF WATER RESOURCES 

WELL DRILLER'S REPORT 
State law requirei that this report bo filed with the Director, Department of Water Resources 

within 30 days after the completion or abandonment of the welt. 

USE TYPEV.'RITEF Or 
BALLPOINT PEN 

1. WELL OWNER 

Name JL (L tL ie  Lt  

Address . 

Owner's Permit No. . 

7. WATER LEVEL 

Static water level feet below land surface. 
Flowing? • Yes fif-No G.P.M. flow 
Artesian closed-in pressure p.s.i. 
Controlled by: D Valve D Cap • Plug 
Temperature °F. Quality 

2. NATURE OF WORK 

• Deepened • Replacement 

8. WELL TEST DATA 

P Pump D Bailer • Air • Other 

• Abnndf"""1 (H»«<-rihe method of abandoning 
Discharge G.P.M. Pumping Level Hours Pumped 

3. PROPOSED USE 

• Domestic Irrigation D Test D Municipal 
• Industrial • Stock • Waste Disposal or Injection 
• Other (specify type) 

9. LITHOLOGIC LOG 

4. METHOD DRILLED 

• Rotary 
Cable 

D Air 
• Dug 

D Hydraulic 
D Other 

• Reverse rotary 

5. WELL CONSTRUCTION 

Casing schedule: ^ Steel • Concrete 
Thickness Diameter 

i '7 "2 I  inches f  Y inches + . 
inches inches 

_____ inches Inches 
inches inches 

• Other 
From 

feet 

feet 

feet 

feet 

To 

75" feet 

feet 

feet 

feet 

Was casing drive shoe used? -i8^Yes 
Was a packer or seal used? Yes 
Perforated? Yes 
How perforated? D Factory • Knife 
Size of perforation sy indies by / 1 

Number 
2. / perforations _ 

_______ perforations 
perforations _ 

D Yes 

• No 
• No 
• No 

From 

jSC Torch 
inches ' 

To 

feet, 
feet, 
feet. 

vr 

Well screen installed? 
Manufacturer's name. 
Type 

EKNO 

Model No. . 
Diameter Slot size 
Diameter Slot size . 
Gravel packed? • Yes 
Placed from 
Surface seal depth 3 O 

Sealing procedure used: 

Method of joining casing: • Threaded 

Set from feet to 
Set from feet to 

K No D Size of gravel 
feet to feet 

.Material used in seal: O Cement grou: 
• Puddling clay & Well cuttings 
D Slurry pit • Temp, surface casing 

Describe access port. 

fi) Welded • Solvent 
Weld 

• Cemented between strata 

Hole 
Oiam. 

Depth 
Materia) 

Water Hole 
Oiam. From To Materia) Yes No 

"71 
'k '  / 

Jo - ? c  f tu-J Lici tr  V X 
/(•" ?2-

X 

lilL 
ft"  

£fMT- k 
JX 

X 

lilL 
ft"  31 rr  cof. /o tu? KUL. /  d y 

k 
JX 

X 

A" 
t< 

6"V 
?S-

SR I"~ H*/\A & bA y A 4VH 
/c /  /  / (  .. .  .  .  T 

X 

f* uio I f O  CbH-y LAvtt  » c/My £ 

X 

/Yd tvv 'htCba iL' / i  !•«/•  ««' / ' /#< £ 

X 

/ v y  % STicKynt-sulk elk y £ 

X 

'f  a/ t ,  . <?/AI V 

t* /*/ /S^« L M V / 4  v 

-v -v 
" \  

M
i

l
l

 
M

i
l

l
 

M
i

l
l

 
M

i
l

l
 

M
i

l
l

 

— — — — 

— 

— 

— 

— — — — — 

10. 
Work startetf^y^/ffy finished 1 %-j£. 

6. LOCATION OF WELL 

Sketch map location must agree with written location. 
N ___ 

Subdivision Name 

w 

11. DRILLERS CERTIFICATION 

I/We certify that all minimum well construction standards were 
complied with at the time the rig was removed. 

Firm 7/.W«.</r.a«TSojyJFirm No. 3_2_£_ 

Address rw t T 7 Lrti* pate 
Lot No. Block No. 

County C'A-f? / 

J\fL. «•••/'£ ,T 7 

Signed by (Firm Official) 

and 

(Operator) 

i i e c  s n n i T i n u a i  CUCCTC IF NcrFncnnV — FORWARD THE WHITE COPY TO THE DEPARTMENT 



> I U i • I I LJ_ u  ̂ ijo TTU • l  -JnM JU0D4/331Z;s 3711 

SODA SPRINGS AREA WELL INVENTORY FORM 

le \e 
Well Number:ihidc&th LOO-H Dale: l „ I A  t C i  a ,  

Other Well ID: L )-ftr "~* Surveyor: (_ ' ~ ' "<r_ 

Name of Well Owner: 

Well Location 

Owner's Address: 

1 cj 

jrj± "̂S 

L?3Q B Soucth 
ôcla p̂nnnp xn 

Street Address of Residential Well Site if Different from Owner: 

SClrnrj 

Current Well Use: HnnxP&r̂  ptir(TT  ̂ft 

Verification by Owner/Occupant of Well Use: 

Well Water in Contact with Humans: 

(signature) 

Yes \/ No 

Well Coordinates: Lat: 

Township 0 S 

System: 
Long: 

. . ^ 
R a n 5 c :  — — S e c t i o n  ( n e a r e s t  1 / 4  1 / 4 : ) :  10 KlCOTl 

OBafcO 
Well Specifications: » 

installation Date: H82. _ (djuuvned \(\ fftlj TotaJ Deplh (f(). 7Q 1 

Well Construction Type: O - 2Q ' (q" ' ?  

Pump System Type: fUUSY\p C± 

Well Access for Sounding:. ( C(f.& MM PfpSULr* 

Other Information: 

Photograph Taken 
Well Log Available 
Well Log Obtained 

No 
No 
No 

—?7^Yes Photo Number: ' 
S Yes 
-V" Yes 

°lher: A?*?/' LlXLU. cOOS rt0ê toncxni -fri Wi1 fivm M5 

IQall IS loccdyrl m UOSri f-fur.lri) 

Af \nr>u<zr.. 

TtM 



WELL DRILLER'S KfcPORI 
State law requires that this report be filed witH the Director, Department of Water Resources 

within 30 days after the completion or abandonment of the well. 

1. WELL OWNER 

Name Larry Hildreth 

Address 261 S, 3 E, Soda Springs, Idaho 

Owner's Permit No. 

7. WATER LEVEL 

Static water level 23 
Flowing? • Yes 

. feet below land surface. 
G.P.M. flow 

P.s.i. 

B No 

Artesian ciosed-in pressure 
Controlled by: • Valve E3 Cap • Plug 

Temperature 43 °F. Quality mood 

2. NATURE OF WORK 

C5 New well • Deepened • Replacement 

• Abandoned (describe method of abandoning) 

8. WELL TEST DATA 

• Pump • Bailer £) Air • Other 

Discharge G.P.M. 

abt >0 

3. PROPOSED USE 

B Domestic • Irrigation • Test • Municipal 

• industrial • Stock • Waste Disposal or Injection 

• Other (specify type) 

Pumping Level Hour* Pumped 

9. LITHOLOGIC LOG 

4. METHOD DRILLED 

B Rotary 

• Cable 

B Air 

• Dug 

• Hydraulic 

• Other 

• Reverse rotary 

5. WELL CONSTRUCTION 

Casing schedule: B Steel • Concrete • Other 

Thickness J4 inch Diameter 6" I.D. From+1 ft To 19 
inches 

inches 

inches 

inches 

inches + 

inches 

inches 

inches 

feet 

feet 

feet 

feet 

. feet 

. feet 

feet 

. Was casing drive shoe used? D Yes B No 

Was a packer or seal used? D Yes B No 

Perforated? • Yes B No 

How perforated? • Factory • Knife 

Size of perforation inches by 

Number From 

D Torch 

inches 

To 

. perforations 

perforations 

. perforations 

feet, 

feet. 

feet 

. feet 

. feet 

feet 

Well screen installed? 

Manufacturer's name. 

Type 

O Yes B No 

Model No. 

Diameter Slot size _ 

Diameter Slot size 

Gravel packed? • Yes 

Placed from 

Set from feet to 

Set from feet to 

B No D Size ol gravel 

feet to 

.feet 

feet 

feet 

Surface seal depth 19' Material used in seal: (3 Cement grout 

B Puddling clay O Well cuttings 

Sealing procedure used: • Slurry pit • Temp, surface casing 

Q Overbore to seal depth 
Method of joining casing: • Threaded • Welded • Solvent 

Weld 

• Cemented between strata 

Describe access port 

Hole 
Diarp. 

Depth 
Material 

Water Hole 
Diarp. From To Material Yes No 
9^0 0 19 

II 0 12 lava & sand w/ clay layers X 
II *2 ISL 

23 

hard lava X 
6 
6 
6 

J.2. 
-23_ 
32 

ISL 
23 11 11 X 6 

6 
6 

J.2. 
-23_ 
32 

32_ 
34.. 
40 

medium hard, porous lava (d 

hard' lava 1&Va ^2° '2.5 

zrao 

Lfil 

t_ 

X 6 34 

32_ 
34.. 
40 

medium hard, porous lava (d 

hard' lava 1&Va ^2° '2.5 

zrao 

Lfil 

t_ 

X 

.2L- _4o. 45- " " Rome Rofter 4?to43 •t .2L- _4o. 45-45-

T-D. 4R feet 

10. 
Work started 6 / 1 0  /8 3  finished 6/11/83 

6. LOCATION OF WELL 

Sketch map location must agree with written location. 
N 

W 

1 #—1— 
1 

f 
1 1 
I 1 

1 
1 1 1 

11. DRILLERS CERTIFICATION 

I/We certify that all minimum well construction standards were 

complied with at the time the rig was removed. 

Subdivision Name 5W block 
oa*y NameVAL.L. Prilling Firm No. 386 

Lot No. Block No. 2_ 

County Carribou 

WW 14 ME y. Sec. _1.8__ . T. 9 /3/S. R. 4? E/y1. 

AddressP f t  R n v P P R ,  f i r  are,  T B f t t e .  
A 

Signed liy (Firm Official) 

and 

(Operator) 

USE ADDITIONAL SHEETS IF NECESSARY - FORWARD THE WHITE COPY TO THE DEPARTMENT 



* I U I • JL.1 I I L.L. u -  c.  our ru  • i ' Jn iT i  i  \JVUJLK ASSUl l  .4 IE5^ ^UodT7OOTZT?O7T1 

SODA SPRINGS AREA WELL INVENTORY FORM 

Well Number: TW Jĉ -b»Gd ( Date: U' ( 3 1̂ 5 
"r: }M< Other Well ID: V&, 1 

Name of Well Owner: aJj* V 

TAf_t1 T «J " 

Surveyor: ' AJQf-fOn <*- TT^ 

Well Location 

Owner's Address: / x̂fn r̂ > & 
ĈhÛ y (UfaXo  ̂J7fr 

Street Address of Residential Well Site if Different from Owner: 

ÔJY)̂  

Current Well Use: 

Verification by Owner/Occupant of Well Use— / A ^ v s  j  

(signature) 

Well Water in Contact with Humans: Yes  ̂ No 

Well Coordinates: Lat: 
System: 

Long: 

Township _j3S Range: M -̂g Section (nearest V4 1/4:): ffOk'/Q of Uu)'/l| 

— C 1<?3 hOl 10 Nfc'/M p-p NtO'/cj 
Well Specifications: 

installation Date: 
Well Construction Type: 

Pump System Type: " 

Total Depth (ft): | %• 

Well Access for Sounding: prs"/ A Aj" 

Other Information: 

Photograph Taken 
Well Log Available 
Well Log Obtained 

No 
No 

S No 

 ̂ Yes Photo Number: c? V" 
Yes " 
Yea 

Other:- idU.̂   ̂l̂ ~?Q ; S-fe&l 

7̂4. Vr> log r<?C|mw,( £>r Sb-rfy, ,,ai^ i.ieil 

16 lfl 6- /top • 

°A-



I . I LL i V ww' •. A.Ut WUJUV •rtJJUL'i.11i-O ^ U 0 0 4 c J . M l  

SODA SPRINGS AREA WELL INVENTORY FORM 

y<& Steele5 "Weil 

Well Number: SlfeeJ e"2- Date: (//uf 
Other Well ID: O fV" Surveyor: ( -C 

Name of Well Owner: • Sfar\ferd "ShagJe-

Well Location 

Owner's Address: *"7OQ ^ 3rd 5^ 
^>pr,vncp T-o 

Street Address of Residential Well Site if Different from Owner: 

Current WeU Use: drOCYt Pfrh', frle ,prr( 

Verification by Owner/Occupant of Well Use: 
(signature) 

Well Water in Contact with Humans: Yes ]sj0 

Well Coordinates: Lat: 
System: 

Long: 

Township _3JS Range: M *2-g~ Section (nearest 1/4 1/4:): 1fl iSP 'A/ ftf-Atol 

(l&bgP) 

Well Specifications: 
Installation Date: R jp ̂  Total Depth (ft): M. ' 
Well Construction Type: /„" .5 4-« < ( î Cd/n.-

f 
Pump System Type: I hp i 

Well Access for Sounding: DO 

Other Information: 

Photograph Taken: __j/_ No yes Photo Number: Uf\ 
^ell Log Available: No i/ Y« \ 
Well Log Obtained: No V Yef C^rqoi~ COmeTdJ 

A 

Other: 

—SuJL - 55" '  d iQ/oL) ,  vQcJ i  locGJUr t  m b^c i  ,  

uXl l  hOUSC. hJoCL/tr t t  - th U)c?l l  

teQ-CCtiCS^—r5 5—C&fdCeci iLUh CL ~\fi nk . 



Mf6 20 1966 
REFORT Of WELL DRILLER 

Stat* of Idaho 

sftirar «njTttTW"ihat *•**•* report ahall b* fll*d with th* Stat* Raelaaatlon 
Engineer within 30 day* aft*r cDepletion or abaadonaent of th* welL. 

VEXiX* OVWGH: 

TTmr- fTl an Tin il HImI 
AddressKtoJPW. Zdah* 

Own«r'« Perait So. • . • 
NATURE OF WORE (ch*ch): Bcnlaccacnt w«ll LJ 
New well 0 Deepened 0 Abandoned [_] 

Vater 1* to b* need for :Dcncrtla 

Sis* of drilled hole: »l «l" Total 
depth of well: ' Steading water 
llavel b*low ground: T*np. 
Pahr. * T*at delivery aa EP" 

e t a  „ Punp? Q Ball LJ Air 
Sis* of puap end aotor ua*d to sake teat: 

TTi 

METHOD Or CONSTRUCTION: 
Dog • Othar 

(explain; _ 

Rotary 0 Cabl* 0 

ILength of tin* of t*nt :__0_ 
lDrnwdown: ft. Artesian prasaure: ft. 
iboe* land aurfae* Q1T* flow efa 
>r ma. Shutoff pressure:.^ 
;ontrolled by: Vale* Q Cap LJ Plug M . 

|No eoatrol • Do«e vail leak around easing? 
i fl W Q  

Hra. Win. 

CASINO SCHEDULE: 
"<>iam. fron 
"Pisa. fron" 
"Plan, fron 
"Plan, fron 

Thickness 

Threaded 
-I ft." 

ft. 
ft. 
ft. 

Welded 
*« " 
to _____ 
to ̂ ___ 
to 

^ft. 
-ft. 
-ft. 

Tea 
DEF 

•TBOH TO 
[FEET FELT 

MATERIAL VATER 
TES OR HO 

of caning: 

concrete • 

ft. 
Material: 

[0 
fr 

Steel Pf 

Bgttne ef hale rrmra 
at d«t*^4Mh* £Ulcd 

wood 0 other 0 
"ET TT 

rr 
•Ccaeabed-noHi el peek *d_ 

j wish rock d net. 
PERFORATED? lea jjjj Mo 0 Type of 
perforator need:Torch out. 

-w st-
«• 

Ifti- 7? 

perforatioaa fron 
erforatlona fron 
erforatlona fron 

"perforatioaa fron 
WAS SCREEN INSTALLED? 
Manufacturer'a naa*__ 
True 
Diaa. Slot else 
Diaa. Slot aim* Set fron 

~-Kod*T-Ho70 
"Sat fron ft. to_ 

to" 

ft. to T2 1 
0 HbQ" 
el naed in i 

CONSTRUCTION: Well gravel peeked? 
No. 0 nine of gravel 
pieced frondO 
provided? TOP 

ft. Materia" 

ft. 

lee Q 
___ Oravel 
Surface seal 

ft, 
7tj 

ft. 
To what depth? 
aeal: Oattinri 

Did any atrata contain unjpaahl* water? lea LJ [ 
No. Q Type of water:. 
Depth of atrete 
atrata eff: 

nuseb. 
Oood 

TH Method of aealinJ 

Surface casing uaed?Tea i 1ho. 
Ceaented in place? Tee 0 No 0 

Locate well in section 

lsJ 

T T" 
I 
I 

' T ' 
I 

See. 

I JL 

T 
IT 

aea auu 
run mir 
Lan in II.UU 

Lew, an water 

TIFT 
Leva 

yea 

ye» 
9 * ' •  

-nsr [Work started j! 

!£ Suir^nVe^n^^Twell waa 
drilled under ny supervision and thie report 
la true to the best of ny knowledge. 
Nane: *™ Bortt 

_1_ J 
|Address :Ortot. Idaho 
Signed by: t— 
|License No. BI 

n Beet 

LCC;?:CS c-? 

i/R x/s > 

WELL: County 

Sec-ifl t*ji ytf 

'/r~/- » i sf̂ rtKl 

*hz_-E/// 
Use other side for additional rensrks 

/ 



SODA SPRINGS AREA WELL INVENTORY FORM 

Well Number: IjQzl I Date: U \U 
U7aii m. 4 r ' ' i î  r Other Well ID: ^JPt- Surveyor: L|<0 t~<Z 

Name of Well Owner: MCUT £ jSbLgJLp 

Well Location 

Owner's Address: ^ Srri fc*SJSjr 

Street Address of Residential Well Site if Different from Owner: 

n̂rfZ; 

Current Well Use: CiO T <^CYLS ( JfifCi 

z 
Verification by Owner/Occupant of Well UseV 

Well Water in Contact with Humans: 

Well Coordinates: Lat: 
System: 

• Long: 

Township Range: Section (nearest 1/4 1/4:): lft Q(J /t\ 

C i & b d ^  

Well Specifications: ^ ^ 

installation Dale: <?? 5 • Total Deolh «t):*7o5 
Well ConstntclionTypa: m^TtCt (rf^Ur. n\'?^ 

m, TW-. U ~ 1". . „  ̂ T— 
"  »  *  »  i  v  U  J W  \  

Pump System Type: H" , 5/q Ano-f-^r } ^ do' 

Well Access for Sounding: Lj 0cS 

Other Information: 

Photograph Taken: No Yes Photo Number: P& 
Well Log Available: No _7H Yes / r  " x 
Well Log Obtained: No V' Yes Lv^^Of (G-Pfl&TcS) 

°ther:—1^1 l<Xp dgilHo \cM ' MS . 
i # f ' \ —————— 
hrtx Vs dram -lo "IPS 

SU>L ̂  ' hqs (iq-16). \aMI m 

\oCCi±ed in bdck- i rirA. Mo uteii hoî e 



USE TYPEWRITER OR 
BALL POINT PEN 

State of Idaho 

Department of Water Resources 

WELL DRILLER'S REPORT 

• % 

•u 

Stale lawrequiies that this report be filed with the Director, Deportment of Wotar Rewurcet within 30 
days after the completion or abandonment of the wet*. 

1. WELL OWNER 

* -  1 *i <ii il «r r "•%"<?-* SovTt, 3 0! t-Hf 
frltf-m Vri'"iaj—X J 13 x 

Owner's Permit No — 

2. NATURE OF WORK 

gj Mew well O Deepened • Replacement 

Q Abandoned (describe method of abandoning) 

3. PROPOSED USE 

£5 Domestic • bngotlon • Test • Other (apedhi type) 

0 Munieipd • Industrial • Stock • Wosle Dispoeol or 
Injection 

A. METHOD DRILLED 

• Cable Rotory • Dog O Other 

S. WELL CONSTRUCTION 

Diameter of hole & % inches Total depth /<* feat 

Casing schedule: B Steel • Concrete 

Thick two DUmeter From T< 
. x. fd inches t>' J.o, inches •* / 'set —! t feet 
.3- inches S'X.D. inches ~t-J— «eet J£jHeet 

inches inches feet 

inches inches feet 

inches inches feet feet 

Vrbi coring drivo shoe wad ? • Yas B No 

Was a packer or seal used? • Yes ff No 

Perforated? ® Yes D No 
How perlorated? D Factory (S Knile • Torch 

Size ol perforation *//{. inches by Z— Inches 

Number From T® 
5"<?*/ perforations ^ ** feet /* 7 

perforations feet 

perforations 'eet _____ 

Well screen installed? 

Menu lecturer's name. 

T ype 

• Yes QT No 

Model No.. 

Diameter Slot size Set from. 

Diameter Slot size Set Irom. 

.feet to. 

. feet 10. 

Gravel packed? • Yes 12 No Size of gravel 

Placed from 

S«rtoca seot depth.jLJL_ Moleriol us ad in seal Q Cement growl 
• Puddling cloy O Well < 

Pe ê r 
Seeing procedure ueed • Skery pit B tpjipiiny awieea 

(2 Orerberi to teal *er*i 

6. LOCATION OF WELL ' ^ 

Sketch map location must agree with written location. J 

N *,'// 

: x • 

] 
• 

Subdivision Nome. 

. Block No . 

County. C ? r I  h ' V 

S. t_y. A' )</•/. Sec. / 8 T. 7 «/S R V 3~ EAT 

±L 

WATER LEVEL 

Static water level.. 

Flowing? • Yes 

Temperature  H 7 
Artesian closed-in pressure 

Controlled by • Valve 

feet below land surfact 

CD No G.P.M. flow, 

F. Quality. to oe 
p.fct. 

D Cap O Plug 

— — j 
8. WELL TEST DATA 

CD Pump • Bailer O Other 
Discharge G.P.M. Drew Down 

X 0 yv 2C V7 /K 
— — 

9. LITHOLOGICLI DG 
Hole 
Diem. 

Deo 
From 
a 

th 
To 

; wn 
Malarial ĥ "; 

ai 
No 
r 

K 4 
t r 

/ ?  
3 7 

//a~J M o — — 1  «  
„ 

r 

ii ? 7 t4 •5«—J a- Cê -, X 
X U 

f 
t<f 
r y 

> y 
 ̂y 

At —' ŵ-̂ -
r 

7<? fit//.:—_ '< t 
7 6 /<*y r 

if* /e y /* t M <1 'I / 

•' 

J & 
y ^ m 

KO'f IS IQ7T 

Tip|,ar:.n.-: p1 .'.-zln TicmdlCHj 
iaslern District Wits 

_ _  .  .  

— — 

! 

t 
t 

t 

it 
e 
% 

Work started _j/zJ-S-2JL finished . //' /& ~ 7 

II. DRILLERS CERTIFICATION 

Firm No. bJLF Firm Nome. 

Addmu 

Slpted by (Firm Ofl»c«ol| 

ond 

(Operotsr). /T. M 

1 !<LF annmriNAI SHFFTS IF NFf.FStARY FORWARO THE WHITE COPY TO THF OFPARTMENT 



bt \ I m-bb.-AIILL b- J-a«3 - LULL/tK AbbUUAItb- 7UBoT733T77T37n 

SODA SPRINGS AREA WELL INVENTORY FORM 
jOe(Sool) (tfeep) 

Well Number: kr)<zJ60Pi A Date: (o( ^ lQ?> 
Other Well ID: <JA Surveyor: A "kYfTiO -t- Ljfa frc^ 5^. 

Name of Well Owner: Lj 

Well Location 

Owner'8 Address: J<£& £, a/ / 

S>r/-7i « j W t - ?  f rr^. r-J?n. r> r. 

Street Address of Residential Well Site if Different from Owner: 

*20r<\C>j 

Current Well Use: drml" y C\MY\0<r^ 

Verification by Owner/Occupant of Well Use: — 
(signature) 

Well Water in Contact with Humans: Yes \S No 

Well Coordinates: Lat: 
System: 

Long: 

Township— Range: Section (nearest 1/4 1/4:):P) U&Y<J 0-f Ci.Yfd-

Well Specifications: 

Date: l^fT Total Depth (ft): ^6 
Well Construction Type: (oM "5bgjZ-\ 

Pump System Type: 

Well Access for Sounding: f !\ - LOASuC\ CJT 

Other Information: 

Hvotograph Taken: __ No ^ Yes Photo Number: 2.4 
Well Log Available: j&t No /. Yes 
WeU Log Obtained: No S Yes 

othCT, 22. = ~|5>' hry? 

""1co=stg.s—liKe - he. mcû j sb-,rt uSina 

fJtiSon z (Mil -fir hQ(,sp. U<a?. insfiaad i,w< 

|3 |or&h?d in -Pr-QO/c UpreS of hoix1̂  



Form 238-7 
6/90 

STATE OF IDAHO 
DEPARTMENT OF WATER RESOURCES 

WELL DRILLER'S REPORT 
State law requires that this report be filed with the Director. Department of Water Resources 

within 30 days after the completion or abandonment of the well. 

USE TYPEWRITER OR 
BALLPOINT PEN 

1. WELL OWNER . weu. unncn , 

Klnmo /4 y fi C. I S d  ̂ „ 
»y.̂  SaJs /'rjcs.r^ • Address -I o 

Drilling Permit No.. / / -  9/f  - a / 5  TS3.74. 

Water Right Permit No.. 

7. WATER LEVEL 

Static water level 
Flowing? • Yes 

SO feet below land surface. 
G.P.M. flow CF No 

Artesian closed-in pressure 
Controlled by: D Valve • Cap Q Plug 
Temperature ^7 °F. Quality G> o 

Describe enesien or temperature tones below 

2. NATURE OF WORK 

• Replacement DENew well • Deepened 
• Well diameter increase 
• Abandoned (describe abandonment procedures such as 

materials, plug depths, etc. in lithologic log) 

8. WELL TEST DATA 

D Pump • Bailer R Air • Other 

Ditchers* G.P.M. 

1 PC 

3. PROPOSED USE 

Pumping Level 

5• i-O 
Hours Pumped 

gDomestic 
Industrial 

• Other 

• Irrigation • Test G Municipal 
• Stock • Waste Disposal or Injection 

(specify type) 

8. LITHOLOGIC LOG 

Thickness 

» j. 5<9 inches 
. a. % 0 inches 

inches 
inches 

Was casing drive shoe used? 
Was a packer or seal used? 
Perforated? 
How perforated? • Factory 
Size of perforation 

Number 

inches by . 

perforations 
perforations 

_ _ perforations _ 
Well screen Installed? • Yes 
Manufacturer's name 
Type 

R No 

Model No. 
Diameter Slot size _ 
Diameter Slot size _ 
Gravel packed? D Yes 
Placed from • 
Surface seal depth X 0 

tj£ Bentonite 

Set from feet to 
Set from feet to 

E5 No Q Size of gravel 
feet to ' 

feet 
feet 

Sealing procedure used: 

Method of joining casing: 

Material used in seal: 
• Puddling clay 
D Slurry pit (3 

feet 
• Cement grout 

Describe access port. 

. surface casing 
1JT Overbore to seal depth 

G Threaded {8 Welded G Solvent 
Weld 

G Cemented between strata 
PlQG /V C/Tf  

•yr s ito 
Si.0 

9>L* J 

/r*a o &S2£>-S3lS~ ZOOGP* 

SL 

APR I I 1991! 

Depaitmant ol Water Resources" 
t«»«m District CHBce ~ 

10. 
Work started finished Z -  3-  1 2-

6. LOCATION OF WELL 

Sketch map location must agree with written location. 
N 

Subdivision Name 

11. DRILLERS CERTIFICATION 

I/We certify that all minimum well construction standards were 
complied with at the time the rig was removed. 

Firm Name Firm No. JtzJJL 

Lot No. Block No. 

County 

bf £ •/. aT vJ % Sec. sgR. 
E £ 

W • 

Address 5e-ct*- T<t. Date V - 3 ~ 9 2-

Signed by (Firm Official) 

and 

{Operator) 

r/ 



.. : s I U I • JL-n I I L-L T3" , lU-iO.-iM .OUEXOt AiiuL 1 A1 L.3 2uat>4/aaî :? 3/11 

SODA SPRINGS AREA WELL INVENTORY FORM 

•^3 fJeisonS 
Well Number: "2^ 

UAr Other Well ID: 

Name of Well Owner: K^SjLSOf") 

Well Location 

Date: In ( ?> \ Q 2> 
Surveyor: ' fTS + KJOfh^r) 

Owner's Address: <\^0 fc. trvi k l p r t i * 
— ôda gpntv̂  TD 

Street Address of Residential Well Site if Different from Owner: 

SrurUL 

Current Well Use: 

Verification by Owner/Occupant of Well Use: 

Well Water in Contact with Humans: 

K. 
(signature) 

Yes No _ 

Well Coordinates: Lat: 
System: 

Long: 

Township—36 Range: HT-g; Section (nearest V4 I/tt 8NE'/q of Ml0'/4 

. (flhfT) — 

Well Specifications: _ 
Installation Date: rAM ( 
Well Construction Type: fo" 5?l-̂ o ~ 

Total Depth (ft): MO 

Pump System Type: 

Well Access for Sounding; 7-W-

Other Information: 

Photograph Taken 
Well Log Available 
Well Log Obtained 

No 
~y~ No 

/ 
~~J~ No 

Yes Photo Number: 
Yes 
Yes 

Other: *2. 
b^Se VQgjl 16 \ord&M in 

i2̂ t>ror>-n of- shop offlco 

J 



:>t.M Br̂ t.AIILt ; t>- 2-as I l lN loAM ; UOLDtK ASSOCIATES- 2U05473S12;? 3/11 

SODA SPRINGS AREA WELL INVENTORY FORM 

Well Number: 0/TLO~h I Date: U> I 
Surveyor: hOorj~i^ Other Well ID: tO ft-

Nfttne of Well Owner: W i l l  iarr\ &mt i m 

Well Location 

Owner's Address: /V-S""" A) 
^>odc. 

- ^V/s" /?//. 

nrmcp jc-n 

Street Address of Residential Well Site if Different from Owner: 

7// Pr̂  f t-S - C</ie-/ f J-/A. 
—Soda. prtn<p. XP 

Current Well Use: 

h C-'/L, 

Verification by Owner/Occupant of Well Use: ^ A ^ f ' - _ 
(signature) 

Well Water in Contact with Humans: Yes / No 

Well Coordinates: Lat: 
System: 

Long: 

Township —^j5 Range: ^ Section (nearest 1/4 1/4:): ft M£*/fy of 

> — C6hfOi M/iJ m '/4 
Well Specifications: 

Installation Date: a/joo-/-
Well Construction Type: £>'' f 

Total Depth (ft): /SS"-d-

Pump System Type: ^~LJ>. - »  

Well Access for Sounding: bioj Ll>/ /,V^r.H 

Other Information: 

Photograph Taken: 
Well Log Available: 
Well Log Obtained: 

No 
s/ No 
y/ No 

. Yes Photo Number: \i/7 
Yes 
Yes 

0ther:—-AXr—•Se~yî £r. /?• //• 

located in iprri tfu rvtth. <pg-Nr 6irto nf-

sn#d. 



w>L-. 1 U =—C7C 1 iU 1 i'JILIJ I UULUU\. rtJJULJrtil-J ^UU.4 i UUiZ - rr O; 1 i 

SODA SPRINGS AREA WELL INVENTORY FORM 

^6 

Well Number: U A H  V ^ - > (  t Dale: Co / •? /<? .*? 
Other Well ID: DPr Surveyor: A ")<o r "fo o 

Name of Well Owner: /"Vl b7 O T)<^-On _ 

Well Location 

Owner's Address: 

8 

Street Address of Residential Well Site if Different from Owner: 

Current Well Use: .Series// 

Verification by Owner/Occupant of Well Use: ^ 
(signature) 

Well Water in Contact with Humans: Yes <//^ No 

Well Coordinates: Lat: 
System: 

Long: 

Township — Range: *-\\& Section (nearest 1/4 1/4:): 13 V&ik of HG'M 
C \ 3  a o S \  

Well Specifications: 
Installation Date: Total Depth (ft): 
Well Construction Type: A 

Pump System Type: 

Well Access for Sounding: fn6£>! - rui/1 tMlWrM 

Other Information: 

Photograph Taken 
Well Log Available 
Well Log Obtained 

No Yes Photo Number: 
i/ No Yes 
^ No Yes 

Otter: IvJ. Y ~ 3-A AljJri pagtttiu 

1Mb—6(« Sprm<j U&Juzf. Aiuin ~dusin uSe.n! -fr> nu>K. 

hobckntij. k)e,l( It<. lofqj?d in Uell - ht-iM 

jo -Hu; ryv-tti O-f -Hul ma u~y hPule - in i prri 



SODA SPRINGS AREA WELL INVENTORY FORM 

Well Number; Klc.li IjbJl Dale: 
Other Well ID: fOfir Surveyor: V/Vxt7ig'-S <*- Â Kj-Qr) 

Name of Well Owner: 0 11  L")&ll 

Well Location 

Owner's Address: ,-0&l<>L Hu>u 
S,->r,hc<n r->3 iTQ- 5,y,hy I I )  

Street Address of Residential Well Site if Different from Owner 

/VA 

Current Well Use: <dnn\£m<j i 

Verification by Owner/Occupant of Well Use: 
(signature) 

Well Water in Contact with Humans: Yes No 

Well CoordinaLes: Lat: 
System: 

Long: 

Township —fV6 Range: Section (nearest 1/4 1/4:1; Q NUJ 'It n( SjX/ 

—— 
Well Specifications: ^ 

Installation Date: MHfa Total Depth (ft): , ^8 
Well Construction Type: 6?" SbLe.1 ^CCSi n < ĵ 

Pump System Type: / h f) rhfTtnr - UST Qc / hr Irti ncHnTlF 

Wett Access lor Sound^T^^^"^'4* ^^^51 

Other Information: 

Photograph Taken 
Well Log Available 
Well Log Obtained 

—_ No y/ Yes Photo Number: DS" 
\s No Yes 
\/ No Yes 

other:_affi fkbouJr -fas IctS-h ?(̂ CuT6 -fhetr oJelt has 

fojin runnmq rtnj CkCxXfor hpampinq .^gj^d > 

~—H515'—bgbLo -tnp oeil Sê .t 

ill 

telaA qminrA Siurf^op\. \jc\\ joc^led 
u ^ r . . b q r n ? ^ n r i — , n  c x r i e n y m  i r f H  f i o n  



APPENDIX H-6 

GROUNDWATER ELEVATION DATA 

Golder Associates 



11/03/93 
GROUNDWATER ELEVATION INFORMATION 

Page 1 

LOCATION DATE 

DEPTH 

TO WATER 

(ft bMP) 
MEASURING POINT (MP) MP ELEV. 

(ft) 
WATER ELEV. 

(ft) 
COMMENTS 

BIG SPRING 

BOYSCOUT SPRING 

CALF SPRING 

CITY PARK SPRING 

DOC KACKLEY SPRING 

FINCH SPRING 

FORMATION A SPRING 

FORMATION B SPRING 

FORMATION C SPRING 

FORMATION SPRING 

HARRIS WELL 

HARRIS WELL 

HARRIS WELL 

HARRIS WELL 

HARRIS WELL 

HOMESTEAD SPRING 
HOOPER SPRING 

12/02/92 

12/03/92 

12/07/92 

5/28/93 

10/19/93 

0.00 

0.00 

0.00 
0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 
17.72 

17.84 

17.72 

14.02 

17.10 

0.00 

0.00 
KELLY PARK SPRING 0.00 
KM-01 5/17/93 42.50 
KM-02 5/18/93 34.59 

M 
5/18/93 25.55 

W 5/18/93 35.89 
KM-05 5/18/93 31.88 
KM-06 5/18/93 24.55 
KM-07 5/17/93 35.07 
KM-08 5/19/93 30.49 
KM-09 5/18/93 29.77 
KH-10 5/17/93 42.10 
KM-11 5/18/93 25.49 
KM-12 5/19/93 27.33 
KM-13 5/19/93 27.98 
KM-15 5/19/93 37.53 
KM-16 5/19/93 54.97 
KM-17 5/19/93 24.47 
KM-18 5/19/93 59.58 
KM-19 5/20/93 26.74 
LEDGER A SPRING 0.00 
LEDGER 8 SPRING 0.00 
LEDGER C SPRING 0.00 
LEWIS WELL 5/13/92 31.88 
LEWIS WELL 5/26/93 26.58 
LEWIS WELL 10/29/93 31.16 
MORMON A SPRING 0.00 
MORMON B SPRING 0.00 
MORMON C SPRING 0.00 

Water surface 

Water surface 

Water surface 

Water surface 

Water surface 

Water surface 

Water surface 

Water surface 

Water surface 

Water surface 

Top of steel 1" pipe 

Top of steel 1" pipe 

Top of steel 1" pipe 

Top of steel 1" pipe 

Top of steel 1" pipe 

Water surface 

Water surface 

Water surface 

Water surface 

Water surface 

Water surface 

Top of steel well-cap 

Top of steel well-cap 

Top of steel well-cap 

Water surface 

Water surface 

Water surface 

5907.78 

5858.47 

5847.58 

5913.49 

6149.26 

5877.56 

5877.56 

5877.56 

5877.56 

5877.56 

5815.86 

5853.78 

5897.72 

6029.72 

6025.11 

6014.28 

6023.44 

6002.72 

5988.13 

6001.63 

5976.75 

5973.56 

6029.43 

6013.63 

5976.07 

5977.65 

5958.10 

5998.97 

6001.11 

5958.25 

5975.17 

5917.38 

5911.08 

5905.28 

5864.35 

5864.35 

5864.35 

5850.60 

5843.55 

5834.01 

5907.78 

5858.47 

5847.58 

5913.49 

6149.26 

5859.84 

5859.72 

5859.84 

5863.54 

5860.46 

5815.86 

5853.78 

5897.72 

5987.22 

5990.52 

5988.73 

5987.55 

5970.84 

5963.58 

5966.56 

5946.26 

5943.79 

5987.33 

5988.14 

5948.74 

5949.67 

5920.57 

5944.00 

5976.64 

5895.67 

5948.43 

5917.38 

5911.08 

5905.28 

'5832.47 

5837.77 

5833.19 

5850.60 

5843.55 

5834.01 

Spring 

Spring 

Spring 

Spring 

Spring 

Spring 

Spring 

Spring 

Spring 

Spring 

MP e 4 

MP s 4 

MP » 4 

MP « 4 

MP = 4, 

Spring 

Spring 

Spring 

- elev. not surveyed 

- elev. not surveyed 

related pond 

related pond 

related pond 

.05' above well-house floor 

,05' above well-house floor 

05' above well-house floor 

05' above well-house floor 

05' above well-house floor 

Spring 

Spring 

Spring 

MP = -1' ags 

MP • -1' ags 

HP • -1' ags 

Spring 

Spring 

Spring 



11/03/93 GROUNDWATER ELEVATION INFORMATION Page 2 

DEPTH 

LOCATION DATE TO WATER MEASURING POINT (MP) MP ELEV. WATER ELEV. COMMENTS 

(ft bMP) (ft) (ft) 

PW-01 10/29/91 110.24 Small hole in well base 5987.37 5877.13 MP=1.8' above floor, pimp on 
PW-01 2/04/92 109.59 Small hole in well base 5987.37 5877.78 MP=1.8' above floor, pimp off 
PW-01 6/01/92 111.07 Small hole in well base 5987.37 5876.30 HP=1.8' above floor, pimp off 
PW-01 6/01/92 116.40 Small hole in well base 5987.37 5870.97 MP=1.8' above floor, pump on 
PW-01 5/23/93 101.65 Small hole in well base 5987.37 5885.72 MP=1.8' above floor 
PW-01 10/29/93 107.84 Small hole in well base 5987.37 5879.53 MP=1.8' above floor 
PW-02 No water-level access 
PW-03 10/29/91 126.45 Small hole in well base 5988.58 5862.13 HP*1.1' above floor, pimp on 
PW-03 2/04/92 124.64 Small hole in well base 5988.58 5863.94 MP*1.1' above floor, pump on 
PW-03 6/01/92 127.85 Small hole in well base 5988.58 5860.73 MPc1 • 1' above floor, pimp on 
PW-03 5/23/93 117.22 Small hole in well base 5988.58 5871.36 MP=1.1' above floor 
PW-03 10/29/93 122.23 Small hole in well base 5988.58 5866.35 HP=1.1' above floor 
PW-04 No water-level access 
SOUTHWEST SPRING 0.00 Water surface 5859.25 5859.25 Spring 
SPRINGBOX SPRING 0.00 Water surface 5898.00 5898.00 Spring 
TW-01 Well abandoned 
TW-02 11/04/91 56.52 Small hole in well base 5989.06 5932.54 MP * 0.96' above well-house floor 
TW-02 5/23/93 53.53 Small hole in well base 5989.06 5935.53 HP ® 0.96' above well-house floor 
TW-02 10/29/93 56.24 Top of steel casing 5989.06 5932.82 MP • 0.96' aw-hf, pump out 
TW-03 Well abandoned 
TW-04 Well abandoned 
TW-05 Well abandoned 4k 
TW-06 Well abandoned 
TW-07 10/17/91 14.84 Top of PVC well cap 5885.11 5870.27 
TW-07 5/12/92 15.21 Top of PVC well cap 5885.11 5869.90 
TW-07 5/30/92 15.16 Top of PVC well cap 5885.11 5869.95 
TW-07 11/04/92 15.52 Top of PVC well cap 5885.11 5869.59 
TW-07 11/05/92 15.55 Top of PVC well cap 5885.11 5869.56 
TW-07 12/02/92 15.58 Top of PVC well cap 5885.11 5869.53 
TW-07 5/27/93 14.30 Top of PVC well cap 5885.11 5870.81 
TW-07 10/22/93 15.22 Top of PVC well cap 5885.11 5869.89 
TW-08 10/17/91 14.34 Top of PVC well cap 5884.88 5870.54 
TW-08 5/12/92 14.62 Top of PVC well cap 5884.88 5870.26 
TW-08 5/30/92 14.60 Top of PVC well cap 5884.88 5870.28 
TW-08 10/14/92 14.95 Top of PVC well cap 5884.88 5869.93 
TW-08 11/04/92 14.95 Top of PVC well cap 5884.88 5869.93 
TW-08 12/02/92 15.00 Top of PVC well cap 5884.88 5869.88 
TW-08 5/27/93 13.72 Top of PVC well cap 5884.88 5871.16 
TW-08 10/22/93 14.64 Top of PVC well cap 5884.88 5870.24 
TW-09 10/15/91 9.49 Top of coupling 5884.91 5875.42 Top of coupling = 0.28' above T0C 
TW-09 10/17/91 9.46 Top of coupling 5884.91 5875.45 Top of coupling « 0.28' above TOC 
TW-09 5/12/92 8.30 Top of coupling 5884.91 5876.61 Top of coupling = 0.28' above TOC 
TW-09 5/30/92 8.34 Top of coupling 5884.91 5876.57 Top of coupling = 0.28' above TOC 
TW-09 10/14/92 9.43 Top of coupling 5884.91 5875.48 Top of coupling s 0.28' above TOC 
TW-09 11/04/92 9.57 Top of coupling 5884.91 5875.34 Top of coupling = 0.28' above TOC 
TW-09 12/02/92 9.59 Top of coupling 5884.91 5875.32 Top of coupling = 0.28' above TOC 
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LOCATION 

TU-09 

TW-09 

TW-10 

TU-10 

TU-10 

TU-10 

TW-10 

TW-10 

TW-10 

TW-10 

TW-10 

TW-10 

TW-11 

TW-11 

TW-11 

TW-11 

TW-11 

TW-11 

TW-11 

TW-11 

TW-11 

$ nTl2 
TW-12 

TW-12 

TW-12 

TW-12 

TW-12 

TW-12 

TW-12 

TW-12 

TW-12 

TW-12 

TW-13 

TW-13 

TW-13 

TW-13 

TW-13 

TW-13 

TW-13 

TW-13 

TW-14 

TW-H 

TW-K 

TW-14 

DATE 

DEPTH 

TO WATER 

(ft bMP) 
MEASURING POINT (MP) MP ELEV, 

(ft) 

5/27/93 6.67 Top of coupling 5884.91 
10/22/93 8.86 Top of coupling 5884.91 
10/15/91 15.76 Top of seal 5885.53 
10/17/91 15.66 Top of seal 5885.53 
10/21/91 15.51 Top of seal 5B85.53 
5/12/92 15.95 Top of seal 5885.53 
5/30/92 15.88 Top of seal 5885.53 
10/14/92 16.21 Top of seal 5885.53 
11/04/92 16.19 Top of seal 5885.53 
12/02/92 16.29 Top of seal 5885.53 
5/27/93 15.29 Top of seal 5885.53 
10/22/93 15.88 Top of seal 5885.53 
10/15/91 74.63 Top of coupling 5938.03 
10/27/91 74.29 Top of coupling 5938.03 
5/12/92 73.93 Top of coupling 5938.03 
5/20/92 74.04 Top of coupling S938.03 
10/13/92 73.90 Top of coupling 5938.03 
11/10/92 74.76 Top of coupling 5938.03 
12/02/92 73.28 Top of coupling 5938.03 
12/03/92 74.30 Top of coupling 5938.03 
12/05/92 74.42 Top of coupling 5938.03 
5/26/93 68.85 Top of coupling 5938.03 
10/20/93 72.98 Top of coupling 5938.03 
10/15/91 76.20 Top of seal 5939.23 
10/21/91 76.08 Top of seal 5939.23 
5/12/92 75.47 Top of seal 5939.23 
5/20/92 75.54 Top of seal 5939.23 
10/12/92 75.40 Top of seal 5939.23 
11/10/92 76.30 Top of seal 5939.23 
12/02/92 75.86 Top of seal 5939.23 
12/03/92 75.87 Top of seal 5939.23 
12/07/92 76.02 Top of seal 5939.23 
5/26/93 70.36 Top of seal 5939.23 
10/20/93 74.51 Top of seal 5939.23 
10/15/91 21.60 Top of seal 5988.15 
10/20/91 21.40 Top of seal 5988.15 
5/19/92 18.10 Top of seal 5988.15 
5/30/92 18.50 Top of seal 5988.15 
10/12/92 22.95 Top of coupling 5988.35 
11/18/92 21.40 Top of coupling 5988.35 
5/29/93 14.12 Top of coupling 5988.35 
10/26/93 17.97 Top of seal 5988.15 
10/15/91 21.57 Top of PVC casing 5988.59 
5/19/92 16.65 Top of PVC casing 5988.59 
5/30/92 17.08 Top of PVC casing 5988.59 
10/13/92 0.00 Top of PVC casing 5988.59 

WATER ELEV. 

(ft) 
COMMENTS 

5878.24 

5876.05 

5869.77 

5869.87 

5870.02 

5869.58 

5869.65 

5869.32 

5869.34 

5869.24 

5870.24 

5869.65 

5863.40 

5863.74 

5864.10 

5863.99 

5864.13 

5863.27 

5864.75 

5863.73 

5863.61 

5869.18 

5865.05 

5863.03 

5863.15 

5863.76 

5863.69 

5863.83 

5862.93 

5863.37 

5863.36 

5863.21 

5868.87 

5864.72 

5966.55 

5966.75 

5970.05 

5969.65 

5965.40 

5966.95 

5974.23 

5970.18 

5967.02 

5971.94 

5971.51 

Top of coupling » 0.28' above TOC 

Top of coupling » 0.28' above TOC 

Top of seal = 0.05' above TOC 

Top of seal a 0.05' above TOC 

Top of seal • 0.05' above TOC 

Top of seal = 0.05' above TOC 

Top of seal s 0.05' above TOC 

Top of seal = 0.05' above TOC 

Top of seal a 0.05' above TOC 

Top of seal a 0.05' above TOC 

Top of seal " 0.05' above TOC 

Top of seal a 0.05' above TOC 

Top of coupling a 0.25' above TOC 

Top of coupling » 0.25' above TOC 

Top of coupling a o.25' above TOC 

Top of coupling a 0.25' above TOC 

Top of coupling = 0.25' above TOC 

Top of coupling a 0.25' above TOC 

Top of coupling • 0.25' above TOC 

Top of coupling a o.25' above TOC 

Top of coupling a 0.25' above TOC 

Top of coupling a 0.25' above TOC 

Top of coupling a 0.25' above TOC 

Top of seal a 0.07' above TOC 

Top of seal a 0.07' above TOC 

Top of seal a 0.07' above TOC 

Top of seal a 0.07' above TOC 

Top of seal = 0.07' above TOC 

Top of seal a 0.07' above TOC 

Top of seal a 0.07' above TOC 

Top of seal • 0.07' above TOC 

Top of seal a o.07' above TOC 

Top of seal a 0.07' above TOC 

Top of seal a 0.07' above TOC 

Top of seal a 0.04' above TOC 

Top of seal a 0.04' above TOC 

Top of seal a 0.04' above TOC 

Top of seal a 0.04' above TOC 

MP-should have been top of seal 

MP-should have been top of seal 

MP-should have been top of seal 

Top of seal a 0.04' above TOC 
BOC = -23' bMP 

BOC a -23' bMP 

BOC a -23' bMP 

well may be dry, BOC = -23' bMP 
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LOCATION DATE 

DEPTH 

TO UATER 

(ft bMP) 

MEASURING POINT (MP) MP ELEV. 

(ft) 
UATER ELEV. COMMENTS  ̂
(ft) 

TW-K 11/17/92 0.00 Top of PVC casing 5988.59 well may be dry, BOC • -23' bMP 
TU-14 5/29/93 12.74 Top of PVC casing 5988.59 5975.85 BOC = -23' bMP 
TW-14 10/26/93 16.47 Top of PVC casing 5988.59 5972.12 BOC » -23' bMP 
TW-15 10/15/91 22.67 Top of seal 5988.27 5965.60 Top of seal = 0.04' Bbove TOC 
TU-15 10/20/91 21.40 Top of seal 5988.27 5966.87 Top of seal = 0.04' above TOC 
TV-15 5/19/92 19.00 Top of seal 5988.27 5969.27 Top of seal B 0.04' above TOC 
TU-15 5/30/92 19.46 Top of seal 5988.27 5968.81 Top of seal B 0.04' above TOC 
TU-15 10/13/92 23.60 Top of seal 5988.27 5964.67 Top of seal B 0.04' above TOC 
TU-15 11/09/92 22.57 Top of seal 5988.27 5965.70 Top of seal B 0.04' above TOC 
TW-15 11/11/92 22.52 Top of seal 5988.27 5965.75 Top of seal » 0.04' above TOC 
TU-15 5/29/93 14.93 Top of seal 5988.27 5973.34 Top of seal B 0.04' above TOC 
TW-15 10/26/93 18.91 Top of seal > 5988.27 5969.36 Top of seal B 0.04' above TOC 
TV-16 10/16/91 65.74 Top of seal 5998.39 5932.65 Top of seal B 0.04' above TOC 
TW-16 10/17/91 65.76 Top of seal 5998.39 5932.63 Top of seal & 0.04' above TOC 
TU-16 10/23/91 65.84 Top of seal 5998.39 5932.55 Top of seal > 0.04' above TOC 
TW-16 5/19/92 65.31 Top of seal 5998.39 5933.08 Top of seal B 0.04' above TOC 
TU-16 5/30/92 65.25 Top of seal 5998.39 5933.14 Top of seal B 0.04' above TOC 
TW-16 10/13/92 65.83 Top of seal 5998.39 5932.56 Top of seal B 0.04' above TOC 
TU-16 11/09/92 66.00 Top of seal 5998.39 5932.39 Top of seal B 0.04' above TOC 
TU-16 5/27/93 63.07 Top of seal 5998.39 5935.32 Top of seal B 0.04' above TOC 
TU-16 10/27/93 64.76 Top of seal 5998.39 5933.63 Top of seal » 0.04' above TOC 
1U-17 10/16/91 65.69 Top of seal 5998.33 5932.64 Top of seal B 0.04' above TOC 4 
TU-17 10/17/91 65.70 Top of seal 5998.33 5932.63 Top of seal = 0.04' above TOC ̂  
TU-17 5/19/92 65.25 Top of seal 5998.33 5933.08 Top of seal » 0.04' above TOC 
TW-17 5/30/92 65.19 Top of seal 5998.33 5933.14 Top of seal = 0.04' above TOC 
TU-17 10/13/92 65.78 Top of seal 5998.33 5932.55 Top of seal B 0.04' above TOC 
TU-17 11/05/92 65.75 Top of seal 5998.33 5932.58 Top of seal B 0.04' above TOC 
TU-17 5/27/93 63.00 Top of seal 5998.33 5935.33 Top of seal B 0.04' above TOC 
TU-17 10/27/93 64.70 Top of seal 5998.33 5933.63 Top of seal = 0.04' above TOC 
TU-18 10/16/91 63.40 Top of seal 5996.89 5933.49 Top of seal » 0.04' above TOC 
TW-18 10/17/91 63.29 Top of seal 5996.89 5933.60 Top of seal B 0.04' above TOC 
TU-18 10/23/91 63.52 Top of seal 5996.89 5933.37 Top of seal B 0.04' above TOC 
TW-18 5/19/92 62.99 Top of seal 5996.89 5933.90 Top of seal » 0.04' above TOC 
TU-18 5/30/92 62.84 Top of seal 5996.89 5934.05 Top of seal & 0.04' above TOC 
TW-18 10/13/92 63.69 Top of seal 5996.89 5933.20 Top of seal B 0.04' above TOC 
TU-18 11/05/92 63.85 Top of seal 5996.89 5933.04 Top of seal * 0.04' above TOC 
TU-18 5/27/93 60.66 Top of seal 5996.89 5936.23 Top of seal B 0.04' above TOC 
TU-18 10/27/93 62.34 Top of seal 5996.89 5934.55 Top of seal B 0.04' above TOC 
TU-19 10/14/91 Top of PVC casing 5893.07 well dry, BOC = 30.87' bMP 
TU-19 10/18/91 Top of PVC casing 5893.07 well dry, BOC = 30.87' bMP 
TU-19 5/15/92 Top of PVC casing 5893.07 well dry, BOC « 30.87' bMP 
TU-19 5/18/92 Top of PVC casing 5893.07 well dry, BOC = 30.87' bMP 
TU-19 10/13/92 Top of PVC casing 5893.07 well dry, BOC = 30.87' bMP 
TU-19 11/04/92 Top of PVC casing 5893.07 well dry, BOC =30.87' bMP 
TU-19 12/02/92 Top of PVC casing 5893.07 well dry, BOC = 30.87' bMP 
TU-19 5/26/93 26.32 Top of PVC casing 5893.07 5866.75 
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DEPTH 
LOCATION DATE TO WATER MEASURING POINT (MP) MP ELEV. WATER I 

(ft bMP) (ft) (ft 

TW-19 10/28/93 Top of PVC casing 5893.07 
TW-20 10/14/91 31.57 Top of seal 5893.37 5861.80 
TW-20 10/16/91 31.57 Top of seal 5893.37 5861.80 
TW-20 10/18/91 31.54 Top of seal 5893.37 5861.83 
TW-20 10/27/91 31.45 Top of seal 5893.37 5861.92 
TW-20 5/14/92 31.32 Top of seal 5893.37 5862.05 
TW-20 5/18/92 31.31 Top of seal 5893.37 5862.06 
TW-20 10/13/92 31.70 Top of seal 5893.37 5861.67 
TW-20 11/04/92 32.30 Top of seal 5893.37 5861.07 
TW-20 11/09/92 32.25 Top of seal 5893.37 5861.12 
TW-20 12/02/92 32.35 Top of seal 5893.37 5861.02 
TW-20 5/25/93 26.62 Top of seal » 5893.37 5866.75 
TW-20 5/26/93 26.63 Top of seal 5893.37 5866.74 
TW-20 10/28/93 31.29 Top of seal 5893.37 5862.08 
TW-21 10/14/91 26.77 Top of coupling 5893.68 5866.91 
TW-21 10/18/91 26.72 Top of coupling 5893.68 5866.96 
TW-21 5/15/92 26.00 Top of coupling 5893.68 5867.68 
TW-21 5/18/92 26.08 Top of coupling 5893.68 5867.60 
TW-21 5/20/92 26.05 Top of coupling 5893.68 5867.63 
TW-21 10/13/92 26.36 Top of coupling 5893.68 5867.32 
TW-21 11/05/92 27.17 Top of coupling 5893.68 5866.51 A 12/02/92 26.60 Top of coupling 5893.68 5867.08 

TW-21 
5/26/93 22.22 Top of coupling 5893.68 5871.46 

TW-21 10/28/93 25.88 Top of coupling 5893.68 5867.80 
TW-22 10/16/91 73.38 Top of seal 5954.70 5861.32 
TW-22 10/22/91 73.36 Top of seal 5954.70 5881.34 
TW-22 5/15/92 72.61 Top of seal 5954.70 5882.09 
TW-22 5/20/92 72.57 Top of seal 5954.70 5882.13 
TW-22 5/30/92 72.56 Top of seal 5954.70 5882.14 
TW-22 10/13/92 73.56 Top of seal 5954.70 5881.14 
TW-22 11/11/92 73.55 Top of seal 5954.70 5881.15 
TW-22 12/02/92 73.60 Top of seal 5954.70 5881.10 
TW-22 5/25/93 71.38 Top of seal 5954.70 5883.32 
TW-22 10/21/93 72.86 Top of seal 5954.70 5881.84 
TW-23 10/16/91 73.99 Top of seal 5954.52 5880.53 
TW-23 10/23/91 73.95 Top of seal 5954.52 5880.57 
TW-23 5/20/92 72.40 Top of seal 5954.52 5882.12 
TW-23 5/30/92 72.36 Top of seal 5954.52 5882.16 
TW-23 10/13/92 73.90 Top of seal 5954.52 5880.62 
TW-23 11/06/92 74.00 Top of seal 5954.52 5880.52 
TW-23 12/02/92 74.06 Top of seal 5954.52 5880.46 
TW-23 5/28/93 71.17 Top of seal 5954.52 5883.35 
TW-23 10/21/93 73.24 Top of seal 5954.52 5881.28 
TW-24 10/22/91 73.06 Top of PVC casing 5954.43 5881.37 
TW-24 5/20/92 72.29 Top of PVC casing 5954.43 5882.14 
TW-24 5/30/92 72.26 Top of PVC casing 5954.43 5882.17 

COMMENTS 

well dry, BOC B 30.87' bMP 

Top of seal • 0.05' above TOC 

Top of seal = 0.05' above TOC 

Top of seal = 0.05' above TOC 

Top of seal » 0.05' above TOC 

Top of seal = 0.05' above TOC 

Top of seal s 0.05' above TOC 

Top of seal * 0.05' above TOC 

Top of seal = 0.05' above TOC 

Top of seal = 0.05' above TOC 

Top of seal • 0.05' above TOC 

Top of seal = 0.05' above TOC 

Top of seal = 0.05' above TOC 

Top of seal = 0.05' above TOC 

Top of coupling B 0.26' above TOC 

Top of coupling = 0.26' above TOC 

Top of coupling • 0.26' above TOC 

Top of coupling • 0.26' above TOC 

Top of coupling • 0.26' above TOC 

Top of coupling B 0.26' above TOC 

Top of coupling «> 0.26' above TOC 

Top of coupling « 0.26' above TOC 

Top of coupling » 0.26' above TOC 

Top of coupling » 0.26' above TOC 

Top of seal « 0.05' above TOC 

Top of seal • 0.05' above TOC 

Top of seal, e 0.05' above TOC 

Top of seal = 0.05' above TOC 

Top of seal E 0.05' above TOC 

Top of seal = 0.05' above TOC 

Top of seal « 0.05' above TOC 

Top of seal » 0.05' above TOC 

Top of seal B 0.05' above TOC 

Top of seal » 0.05' above TOC 

Top of seal s 0.07' above TOC 

Top of seal » 0.07' above TOC 

Top of seal B 0.07' above TOC 

Top of seal = 0.07' above TOC 

Top of seal B 0.07' above TOC 

Top of seal E 0.07' above TOC 

Top of seal B 0.07' above TOC 

Top of seal B 0.07' above TOC 

Top of seal = 0.07' above TOC 
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DEPTH 

LOCATION DATE TO WATER MEASURING POINT (MP) MP ELEV. WATER ELEV. COMMENTS 

(ft bMP) (ft) (ft) 

TW-24 10/13/92 73.20 Top of PVC casing 5954.43 5881.23 
TW-24 11/06/92 73.25 Top of PVC casing 5954.43 5881.18 
TW-24 12/02/92 73.26 Top of PVC casing 5954.43 5881.17 
TW-24 5/28/93 71.03 Top of PVC casing 5954.43 5883.40 
TW-24 10/21/93 72.55 Top of PVC casing 5954.43 5881.88 
TW-25 Well abandoned 
TW-26 10/16/91 89.10 Top of seal 5991.42 5902.32 Top of seal = 0.04' above TOC 
TW-26 10/18/91 89.24 Top of seal 5991.42 5902.18 Top of seal = 0.04' above TOC 
TW-26 5/20/92 88.99 Top of seal 5991.42 5902.43 Top of seal « 0.04' above TOC 
TW-26 5/30/92 89.00 Top of seal 5991.42 5902.42 Top of seal c 0.04' above TOC 
TW-26 10/13/92 88.42 Top of seal 5991.42 5903.00 Top of seal = 0.04' above TOC 
TW-26 11/06/92 89.10 Top of seal 5991.42 5902.32 Top of seal = 0.04' above TOC 
TW-26 11/10/92 89.11 Top of seal 5991.42 5902.31 Top of seal = 0.04' above TOC 
TW-26 5/28/93 85.16 Top of seal 5991.42 5906.26 Top of seal B 0.04' above TOC 
TW-26 10/28/93 86.59 Top of seal 5991.42 5904.83 Top of seal B 0.04' above TOC 
TW-27 Well abandoned 
TW-28 10/14/91 44.46 Top of seal 5989.40 5944.94 Top of seal = 0.05' above TOC 
TW-28 10/17/91 44.51 Top of seal 5989.40 5944.89 Top of seal = 0.05' above TOC 
TW-28 5/18/92 43.28 Top of seal 5989.40 5946.12 Top of seal « 0.05' above TOC 
TW-28 5/30/92 43.23 Top of seal 5989.40 5946.17 Top of seal B 0.05' above TOC 
TW-28 10/13/92 44.81 Top of seal 5989.40 5944.59 Top of seal = 0.05' above TOC ̂  
TW-28 11/06/92 45.05 Top of seal 5989.40 5944.35 Top of seal B 0.05' above TOC 
TW-28 5/27/93 40.35 Top of seal 5989.40 5949.05 Top of seal s 0.05' above TOC ̂  
TW-28 10/20/93 42.95 Top of seal 5989.40 5946.45 Top of seal B 0.05' above TOC 
TW-29 10/14/91 44.65 Top of coupling 5989.59 5944.94 Top of coupling B 0.27' above TOC 
TW-29 10/17/91 44.65 Top of coupling 5989.59 5944.94 Top of coupling B 0.27' above TOC 
TW-29 5/18/92 43.47 Top of coupling 5989.59 5946.12 Top of coupling s 0.27' above TOC 
TW-29 5/30/92 43.36 Top of coupling 5989.59 5946.23 Top of coupling = 0.27' above TOC 
TW-29 10/13/92 45.00 Top of coupling 5989.59 5944.59 Top of coupling B 0.27' above TOC 
TW-29 11/12/92 45.25 Top of coupling 5989.59 5944.34 Top of coupling B 0.27' above TOC 
TW-29 5/27/93 40.50 Top of coupling 5989.59 5949.09 Top of coupling B 0.27' above TOC 
TW-29 10/20/93 43.14 Top of coupling 5989.59 5946.45 Top of coupling * 0.27' above TOC 
TW-30 10/18/91 63.07 Top of PVC casing 5992.48 5929.41 
TW-30 5/22/92 63.16 Top of coupling 5992.73 5929.57 Top of coupling B 0.25' above TOC 
TW-30 5/30/92 63.20 Top of coupling 5992.73 5929.53 Top of coupling « 0.25' above TOC 
TW-30 10/13/92 63.25 Top of coupling 5992.73 5929.48 Top of coupling B 0.25' above TOC 
TW-30 11/06/92 63.40 Top of coupling 5992.73 5929.33 Top of coupling = 0.25' above TOC 
TW-30 5/31/93 62.29 Top of coupling 5992.73 5930.44 Top of coupling B 0.25' above TOC 
TW-30 10/27/93 62.96 Top of coupling 5992.73 5929.77 Top of coupling = 0.25' above TOC 
TW-31 10/15/91 30.42 Top of PVC casing 5975.29 5944.87 
TW-31 10/22/91 30.08 Top of PVC casing 5975.29 5945.21 
TW-31 5/27/92 26.90 Top of PVC casing 5975.29 5948.39 
TW-31 5/30/92 27.00 Top of PVC casing 5975.29 5948.29 
TW-31 10/14/92 31.15 Top of PVC casing 5975.29 5944.14 
TW-31 11/06/92 30.46 Top of PVC casing 5975.29 5944.83 
TW-31 6/01/93 22.62 Top of PVC casing 5975.29 5952.67 



11/03/93 GROUNDWATER ELEVATION INFORMATION Page 7 

LOCATION DATE 

DEPTH 

TO WATER 

(ft bMP) 
MEASURING POINT (MP) MP ELEV, 

(ft) 

TW-31 10/22/93 26.73 Top of PVC casing 5975.29 
TW-32 10/15/91 32.49 Top of PVC casing 5975.67 
TW-32 10/22/91 32.46 Top of coupling 5975.91 
TW-32 10/26/91 32.22 Top of coupling 5975.91 
TW-32 5/27/92 29.22 .Top of coupling. 5975.91 
TW-32 5/30/92 29.30 Top of coupling 5975.91 
TW-32 10/14/92 33.16 Top of coupling 5975.91 
TW-32 11/12/92 32.62 Top of coaling 5975.91 
TW-32 11/13/92 32.74 Top of coupling 5975.91 
TW-32 11/16/92 32.47 Top of coupling 5975.91 
TW-32 6/01/93 25.02 Top of coupling 5975.91 
TW-32 6/02/93 25.00 Top of coupling < 5975.91 
TW-32 10/22/93 28.84 Top of coupling 5975.91 
TW-33 10/15/91 31.80 Top of seal 5975.68 
TW-33 10/22/91 31.51 Top of seal 5975.68 
TW-33 5/27/92 28.15 Top of seal 5975.68 
TW-33 5/30/92 28.28 Top of seal 5975.68 
TW-33 11/12/92 31.68 Top of coupling 5975.86 
TW-33 11/13/92 31.67 Top of coupling 5975.86 
TW-33 6/01/93 23.98 Top of coupling 5975.86 
TW-*3 10/22/93 27.96 Top of seal 5975.68 

m 10/14/91 31.37 Top of PVC casing 5893.16 

TW-34 
10/18/91 31.62 Top of coupling 5893.43 

TW-34 5/15/92 31.37 Top of coupling 5893.43 
TW-34 5/18/92 31.45 Top of coupling 5893.43 
TW-34 10/13/92 31.72 Top of coipling 5893.43 
TW-34 11/04/92 32.37 Top of coupling 5893.43 
TW-34 12/02/92 32.37 Top of coupling 5893.43 
TW-34 5/26/93 26.67 Top of coupling 5893.43 
TW-34 10/28/93 31.29 Top of coupling 5893.43 
TW-35 10/16/91 34.61 Top of seal 5897.16 
TW-35 10/21/91 34.50 Top of seal 5897.16 
TW-35 5/21/92 34.32 Top of seal 5897.16 
TW-35 5/30/92 34.34 Top of seal 5897.16 
TW-35 10/13/92 34.74 Top of seal 5897.16 
TW-35 11/11/92 35.37 Top of seal 5897.16 
TW-35 12/02/92 35.37 Top of seal 5897.16 
TW-35 5/26/93 29.66 Top of seal 5897.16 
TW-35 10/28/93 34.32 Top of seal 5897.16 
TW-36 10/17/91 29.10 Ground surface 5903.77 
TW-36 10/26/91 31.69 Top of seal 5906.81 
TW-36 5/14/92 31.15 Top of seal 5906.81 
TW-36 5/30/92 31.10 Top of seal 5906.81 
TW-36 10/13/92 32.10 Top of seal 5906.81 
TW-36 11/09/92 32.18 Top of seal 5906.81 
TW-36 11/10/92 32.05 Top of seal 5906.81 

WATER ELEV. 
(ft) 

COMMENTS 

5948.56 

5943.18 

5943.45 

5943.69 

5946.69 

5946.61 

5942.75 

5943.29 

5943.17 

5943.44 

5950.89 

5950.91 

5947.07 

5943.88 

5944.17 

5947.53 

5947.40 

5944.18 

5944.19 

5951.88 

5947.72 

5861.79 

5861.81 

5862.06 

5861.98 

5861.71 

5861.06 

5861.06 

5866.76 

5862.14 

5862.55 

5862.66 

5862.84 

5862.82 

5862.42 

5861.79 

5861.79 

5867.50 

5862.84 

5874.67 

5875.12 

5875.66 

5875.71 

5874.71 

5874.63 

5874.76 

Top of coupling s 0 

Top of coupling B 0 

Top of coupling • 0 

Top of coupling = 0. 

Top of coupling » 0, 

Top of coupling * 0. 

Top of coupling = 0. 

Top of coupling B 0. 

Top of coupling B 0. 

Top of coupling = 0. 

Top of coupling B o 

Top of seal • 0.07' 

Top of seal B 0.07' 

Top of seal » 0.07' 

Top of seal » 0.07' 

HPoshould have been 

MPsshould have been 

MP=should have been 

Top of seal e 0.07' 

.24' 

.24' 

.24' 

.24' 

.24' 

.24' 

,24' 

.24' 

24' 

24' 

above TOC 

above TOC 

above TOC 

above TOC 

above TOC 

above TOC 

above TOC 

above TOC 

above TOC 

above TOC 

.24' above TOC 

above TOC 

above TOC 

above TOC 

above TOC 

top of seal 

top of seal 

top of seal 

above TOC 

Top of coupling » o.27' above TOC 

Top of coupling s 0.27' above TOC 

Top of coupling » 0.27' above TOC 

Top of coupling = 0.27' above TOC 

Top of coupling = 0.27' above TOC 

Top of coupling e 0.27' above TOC 

Top of coupling B O.27' above TOC 
Top of coupling s 0.27' above TOC 

Top of seal e 0.04' above TOC 

Top of seal a 0.04' above TOC 

Top of seal B 0.04' above TOC 

Top of seal B 0.04' above TOC 

Top of seal B O.04' above TOC 
Top of seal B 0.04' above TOC 

Top of seal B 0.04' above TOC 

Top of seal B 0.04' above TOC 

Top of seal B 0.04' above TOC 

Well melted. New TOC B 3' Bgs 

Top of seal B 0.04' above TOC 

Top of seal B 0.04' above TOC 

Top of seal B 0.04' above TOC 

Top of seal = 0.04' above TOC 

Top of seal B 0.04' above TOC 

Top of seal = 0.04' above TOC 
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DEPTH 

LOCATION DATE TO WATER 

(ft bMP) 

MEASURING POINT (MP) MP ELEV. 

(ft) 
WATER 1 

(ft 

TU-36 12/02/92 32.26 Top of seal 5906.81 5874.55 
TU-36 5/27/93 28.91 Top of seal 5906.81 5877.90 
TU-36 10/28/93 31.45 Top of seal 5906.81 5875.36 
TU-37 10/15/91 71.77 Top of seal 5959.17 5887.40 
TW-37 .10/21/91 71.79 Top of seal 5959.17 5887.38 
TU-37 5/13/92 68.59 Top of seal 5959.17 5890.58 
TU-37 5/18/92 68.57 Top of seal 5959.17 5890.60 
TW-37 10/13/92 71.84 Top of seal 5959.17 5887.33 
TU-37 11/17/92 71.91 Top of seal 5959.17 5887.26 
TU-37 12/02/92 71.91 Top of seal 5959.17 5887.26 
TU-37 6/01/93 66.75 Top of seal 5959.17 5892.42 
TU-37 10/27/93 70.85 Top of seal > 5959.17 5888.32 
TW-38 10/17/91 97.92 Top of PVC casing 5972.91 5874.99 
TW-38 10/24/91 97.50 Top of PVC casing 5972.91 5875.41 
TU-38 5/21/92 98.45 Top of PVC casing 5972.91 5874.46 
TW-38 5/30/92 98.69 Top of PVC casing 5972.91 5874.22 
TU-38 10/12/92 94.75 Top of PVC casing 5972.91 5878.16 
TU-38 11/17/92 86.52 Top of PVC casing 5972.91 5886.39 
TU-38 12/02/92 97.60 Top of PVC casing 5972.91 5875.31 
TU-38 5/31/93 89.44 Top of PVC casing 5972.91 5883.47 
TU-38 10/22/93 94.40 Top of PVC casing 5972.91 5878.51 
TU-39 10/16/91 35.28 Top of seal 5897.07 5861.79 
TU-39 10/21/91 35.22 Top of seal 5897.07 5861.85 
TU-39 5/21/92 35.13 Top of seal 5897.07 5861.94 
TU-39 5/30/92 35.16 Top of seal 5897.07 5861.91 
TU-39 10/13/92 35.40 Top of seal 5897.07 5861.67 
TU-39 11/05/92 36.00 Top of seal 5897.07 5861.07 
TU-39 12/02/92 36.06 Top of seal 5897.07 5861.01 
TU-39 5/26/93 30.33 Top of seal 5897.07 5866.74 
TU-39 10/28/93 34.99 Top of seal 5897.07 5862.08 
TU-40 10/16/91 88.43 Top of PVC casing 5989.90 5901.47 
TU-40 10/27/91 88.45 Top of seal 5989.94 5901.49 
TU-40 2/04/92 88.72 Top of seal 5989.94 5901.22 
TU-40 5/26/92 88.70 Top of seal 5989.94 5901.24 
TU-40 5/30/92 88.69 Top of seal 5989.94 5901.25 
TU-40 11/14/92 80.35 Top of seal 5989.94 5909.59 
TU-40 11/16/92 79.95 Top of seal 5989.94 5909.99 
TU-40 5/31/93 73.21 Top of seal 5989.94 5916.73 
TU-40 10/21/93 72.96 Top of seal 5989.94 5916.98 
TU-41 10/18/91 62.71 Top of PVC casing 5994.01 5931.30 
TU-41 5/22/92 62.36 Top of coupling 5994.31 5931.95 
TU-41 5/30/92 62.30 Top of coupling 5994.31 5932.01 
TU-41 10/13/92 62.86 Top of coupling 5994.31 5931.45 
TU-41 11/14/92 63.10 Top of coupling 5994.31 5931.21 
TU-41 5/31/93 59.66 Top of coupling 5994.31 5934.65 
TU-41 10/26/93 61.26 Top of coupling 5994.31 5933.05 

COMMENTS 

Top of 

Top of 

Top of 

Top of 

Top of 

Top of 

Top of 

Top of 

Top of 

Top of 

Top of 

Top of 

seal s 

seal « 

seal c 

seal e 

seal = 

seal b 
seal s 

seal B 

seal = 

seal b 
seal » 

seal b 

0.04' 

0.04' 

0.04' 

0.03' 

0.03' 

0.03' 

0.03' 

0.03' 
0.03' 
0.03' 

0.03' 

0.03' 

above T0C 

above TOC 

above TOC 

above TOC 

above TOC 

above TOC 

above TOC 

above TOC 

above TOC 

above TOC 

above TOC 

above TOC 

Top of seal 

Top of seal 

Top of seal 

Top of seal 

Top of seal 

Top of seal 

Top of seal 

Top of seal 

Top of seal 

Top of seal > 

Top of seal •• 

Top of seal • 

Top of seal > 

Top of seal > 

Top of seal « 

Top of seal < 

Top of seal • 

> 0.04' 

> 0.04' 

• 0.04' 

> 0.04' 

• 0.04' 

0.04' 

0.04' 

0.04' 

0.04' 

above TOC 

above TOC 

above TOC 

above TOC 

above TOC 

above TOC 

above TOC 

above TOC 

above TOC 

0.04' above TOC 

0.04' above TOC 

0.04' above TOC 

0.04' above TOC 

0.04' above TOC 

0.04' above TOC 

0.04' above TOC 

0.04' above TOC 

Top of coupling B 0.3' above TOC 

Top of coupling B 0.3' above TOC 

Top of coupling « 0.3' above TOC 

Top of coupling .= 0.3' above TOC 

Top of coupling B 0.3' above TOC 

Top of coupling =0.3' above TOC 
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LOCATION DATE 

DEPTH 

TO WATER 

(ft bMP) 
MEASURING POINT (MP) MP ELEV. 

( f t )  
WATER ELEV. 

( f t )  
COMMENTS 

TW-42 

TW-42 

TW-42 

TW-42 

TW-42 

TW-42 

TW-42 

TW-42 

TW-43 

TW-43 

TW-43 

TW-43 

TW-43 

TW-43 

TW-43 

TW-44 

10/16/91 

10/17/91 

10/27/91 

5/29/92 

5/30/92 

11/13/92 

5/31/93 

10/27/93 

10/16/91 

10/17/91 

5/22/92 

11/17/92 

5/31/93 

5/31/93 

10/22/93 

85.79 

85.75 

86.11 
84.99 

85.10 

83.00 

79.37 

79.75 

88.15 

88.72 

87.75 

78.67 

71.40 

71.41 

71.40 

Top of 

Top of 

Top of 

Top of 

Top of 

Top of 

Top of 

Top of 

Top of 

Top of 

Top of 

Top of 

Top of 

Top of 

Top of 

PVC casing 

PVC casing 

seal 

seal 

seal 

seal 

seal 

seal 

seal 

PVC casing 

PVC casing 

PVC casing 

PVC casing 

PVC casing 

PVC casing 

5990.03 

5990.03 

5990.07 

5990.07 

5990.07 

5990.07 

5990.07 

5990.07 

5989.12 

5989.08 

5989.08 

5989.08 

5989.08 
5989.08 
5989.08 

TW-44A 10/16/91 99.78 Top of seal 5989.41 
TW-44A 10/17/91 99.41 Top of seal 5989.41 
TW-44A 10/20/91 99.33 Top of seal 5989.41 
TW-44A 5/26/92 99.98 Top of seal 5989.41 
TW-44A 5/27/92 100.08 Top of seal 5989.41 

mt 
11/14/92 99.12 Top of seal 5989.41 

Tî WTA 11/16/92 98.60 Top of seal 5989.41 
TW-44A 5/31/93 91.85 Top of seal 5989.41 
TW-44A 10/21/93 95.84 Top of seal 5989.41 
TW-45 10/15/91 74.35 Top of PVC casing 5958.91 
TW-45 10/21/91 74.60 Top of coupling 5959.17 
TW-45 5/18/92 72.70 Top of coupling 5959.17 
TW-45 5/30/92 72.70 Top of coupling 5959.17 
TW-45 10/13/92 74.55 Top of coupling 5959.17 
TW-45 11/09/92 74.54 Top of coupling 5959.17 
TW-45 6/01/93 71.57 Top of coupling 5959.17 
TW-45 10/27/93 73.68 Top of coupling 5959.17 
TW-48 10/16/91 62.89 Top of seal 5989.19 
TW-48 10/23/91 62.63 Top of seal 5989.19 
TW-48 1/31/92 63.64 Top of seal 5989.19 
TW-48 5/30/92 62.42 Top of coupling 5989.40 
TW-48 10/12/92 62.34 Top of coupling 5989.40 
TW-48 11/10/92 63.70 Top of coupling 5989.40 
TW-48 5/29/93 61.04 Top of coupling 5989.40 
TW-48 6/02/93 62.54 Top of coupling 5989.40 
TW-48 10/20/93 61.59 Top of coupling 5989.40 
TW-49 10/16/91 73.78 Top of seal 5996.94 
TW-49 10/23/91 73.44 Top of seal 5996.94 
TW-49 1/31/92 74.42 Top of seal 5996.94 
TW-49. 5/22/92 73.75 Top of seal 5996.94 

5904.24 

5904.28 

5903.96 

5905.08 

5904.97 

5907.07 

5910.70 

5910.32 

5900.97 

5900.36 

5901.33 

5910.41 

5917.68 

5917.67 

5917.68 

5889.63 

5890.00 

5890.08 

5889.43 

5889.33 

5890.29 

5890.81 

5897.56 

5893.57 

5884.56 

5884.57 

5886.47 

5886.47 

5884.62 

5884.63 

5887.60 

5885.49 

5926.30 

5926.56 

5925.55 

5926.98 

5927.06 

5925.70 

5928.36 

5926.86 

5927.81 

5923.16 

5923.50 

5922.52 

5923.19 

Top of seal » 0.04' above TOC 

Top of seal B 0.04' above TOC 

Top of seal = 0.04' above TOC 

Top of seal • 0.04' above TOC 

Top of seal = 0.04' above TOC 

Top of seal • 0.04' above TOC 

Top of seal o 0.04' above TOC 

Punp out of well 

Pump out of well 

Pump out of well 

Pump out of well 

Punp out of well 

Punp out of well 

Well abandoned 

Top of seal o 0.04' above TOC 

Top of seal = 0.04' above TOC 

Top of seal = 0.04' above TOC 

Top of seal s 0.04' above TOC 

Top of seal • 0.04' above TOC 

Top of seal « 0.04' above TOC 

Top of seal • 0.04' above TOC 

Top of seal • 0.04' above TOC 

Top of seal B 0.04' above TOC 

Top of 

Top of 

Top of 

Top of 

Top of 

Top of 

Top of 

Top of 

Top of 

Top of 

Top of 

Top of 

Top of 

Top of 

Top of 

Top of 

Top of 

Top of 

Top of 

Top of 

coupling 

coupling 

coupling 

coupling 

coupling 

coupling 

coupling 

seal s o. 
seal B o. 
seal » o. 
coupling 

coupling 

coupling 

coupling 

coupling 

coupling 

seal s 0. 

seal B o, 

seal B o. 
seal e o. 

• 0.26' above TOC 

= 0.26' above TOC 

B 0.26' above TOC 

» 0.26' above TOC 

s 0.26' above TOC 

• 0.26' above TOC 

B 0.26' above TOC 

.04' 8bove TOC 

.04' Bbove TOC 

.04' above TOC 

B 0.25' above TOC 

B 0.25' above TOC 

B 0.25' above TOC 

B 0.25' above TOC 

B 0.25' above TOC 

B 0.25' above TOC 

04' above TOC 

04' above TOC 

04' above TOC 

04' above TOC 

L 
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LOCATION DATE 

DEPTH 

TO WATER 

(ft bHP) 
MEASURING POINT (MP) MP ELEV. 

(ft) 
WATER ELEV. 

(ft) 
COMMENTS 

TW-49 

TW-49 

TW-49 

TW-49 

TW-49 

TW-50 

TW-50 

TW-50 

TW-50 

TW-50 

TW-50 

TW-50 

TW-50 

TW-51 

TW-51 

TW-51 

TW-51 

TW-51 

TW-51 

TW-53 

TW-53 

TW-53 

TW-53 

TW-53 

TW-53 

TW-53 

TW-54 

TW-54 

TW-54 

TW-54 

TW-54 

TW-54 

TW-54 

TW-55 

TW-55 

TW-55 

TW-55 

TW-55 

TW-55 

TW-55 

TW-55 

TW-55 

TW-55 

TW-55 

TW-55 

TW-56 

5/30/92 

10/12/92 

11/06/92 

5/29/93 

10/20/93 

10/16/91 

10/23/91 

5/29/92 

5/30/92 

10/13/92 

11/17/92 

5/29/93 

10/26/93 

10/29/91 

5/30/92 

10/12/92 

11/17/92 

6/02/93 

10/26/93 

11/02/92 

11/06/92 

11/10/92 

12/02/92 

5/20/93 

5/28/93 

10/26/93 

11/05/92 

11/06/92 

11/10/92 

12/02/92 
5/20/93 

5/25/93 

10/23/93 

10/21/92 

10/23/92 

10/24/92 

10/27/92 

11/02/92 

11/05/92 

11/06/92 

11/11/92 

12/02/92 

5/20/93 

5/25/93 

10/23/93 

10/28/92 

73.71 

73.44 

74.26 

72.49 

72.96 

60.73 

60.77 

60.26 

60.25 

60.78 

61.00 
58.29 

59.92 

47.28 

44.08 

48.67 

47.83 

50.32 
54.79 

22.15 

22.17 

22.19 

22.41 

17.85 

18.31 

21.70 

31.82 

31.82 

31.85 

31.95 

26.18 

26.35 

30.79 

31.28 

31.35 

31.37 

31.46 

31.64 

31.74 

31.79 

32.21 

31.86 

26.40 

26.58 

30.94 

60.93 

Top of seal 5996.94 

Top of seal 5996.94 

Top of seal 5996.94 

Top of seal 5996.94 

Top of seal 5996.94 

Top of seal 5992.94 

Top of seal 5992.94 

Top of seal 5992.94 

Top of seal 5992.94 

Top of seal 5992.94 

Top of seal 5992.94 

Top of seal » 5992.94 

Top of seal 5992.94 

Top of steel casing 5995.57 

Top of steel casing 5995.57 

Top of steel casing 5995.57 

Top of steel casing 5995.57 

Top of ext. steel casing 6001.57 

Top of ext. steel casing 6001.57 

Top of PVC casing 5880.39 

Top of PVC casing 5880.39 

Top of PVC casing 5880.39 

Top of PVC casing 5880.39 

Top of PVC casing 5880.39 

Top of coupling 5880.65 

Top of coupling 5880.65 

Top of PVC casing 5888.96 

Top of PVC casing 5888.96 

Top of PVC casing 5888.96 

Top of PVC casing 5888.96 

Top of PVC casing 5888.96 

Top of coupling 5889.21 

Top of coupling 5889.21 

Top of PVC casing 5886.33 

Top of PVC casing 5886.33 

Top of PVC casing 5886.33 

Top of PVC casing 5886.33 

Top of PVC casing 5886.33 

Top of PVC casing 5886.33 

Top of PVC casing 5886.33 

Top of PVC casing 5886.33 

Top of PVC casing 5886.33 

Top of PVC casing 5886.33 

Top of coupling 5886.58 

Top of coupling 5886.58 

Top of PVC casing 5910.00 

5923.23 

5923.50 

5922.68 

5924.45 

5923.98 

5932.21 

5932.17 

5932.68 

5932.69 

5932.16 

5931.94 

5934.65 

5933.02 

5948.29 

5951.49 

5946.90 

5947.74 

5946.78 

5858.24 

5858.22 

5858.20 

5857.98 

5862.54 

5862.34 

5858.95 

5857.14 

5857.14 

5857.11 

5857.01 

5862.78 

5862.86 

5858.42 

5855.05 

5854.98 

5854.96 

5854.87 

5854.69 

5854.59 

5854.54 

5854.12 

5854.47 

5859.93 

5860.00 

5855.64 

5849.07 

Top of 

Top of 

Top of 

Top of 

Top of 

Top of 

Top of 

Top of 

Top of 

Top of 
Top of 

Top of 

Top of 

seal 

seal 

seal 

seal 

seal 

seal 

seal 

seal 

seal 

seal 

seal 

seal 

seal 

= 0.04' 

e 0.04' 

• 0.04' 
= 0.04' 

« 0.04' 

= 0.04' 

= 0.04' 

= 0.04' 

= 0.04' 

e 0.04' 
= 0.04' 

= 0.04' 

* 0.04' 

above TOC 

above TOC 

above TOC 

above TOC 

above TOC 

above TOC 

above TOC 

above TOC 

above TOC 

above TOC 

above TOC 

above TOC 

above TOC 

Extended by -6'. TOC -9' ags. 

Extended by -6'. TOC -9' ags. 

Top of PVC casing • 2.04' ags 

Top of PVC casing b 2.04' ags 

Top of PVC casing « 2.04' ags' 

Top of PVC casing « 2.04' ags 

Top of PVC casing s 2.04' ags 

Top of coupling b 0.26' above TOC 

Top of coupling = o.26' above TOC 

Top of PVC casing s 2.26' ags 

Top of PVC casing = 2.26' ags 

Top of PVC casing = 2.26' ags 

Top of PVC casing b 2.26' ags 

Top of PVC casing = 2.26' ags 

Top of coupling = 0.25' above TOC 

Top of coupling b 0.25' above TOC 

Top of PVC casing « 2.0' ags 

Top of PVC casing • 2.0' ags 

Top of PVC casing • 2.0' ags 

Top of PVC casing b 2.0' ags 

Top of PVC casing e 2.0' ags 

Top of PVC casing = 2.0' ags 

Top of PVC casing s 2.0' ags 

Top of PVC casing = 2.0' ags 

Top of PVC casing = 2.0' ags 

Top of PVC casing = 2.0' ags 

Top of coupling = 0.25' above TOC 

Top of coupling = 0.25' above TOC 

Top of PVC casing b 2.3# ags 
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•
DEPTH 

LOCATION DATE TO WATER 

(ft bNP) 

TW-56 11/02/92 61.53 

TW-56 11/16/92 61.33 

TW-56 12/02/92 60.96 

TW-56 5/20/93 52.71 

TW-56 5/25/93 52.81 

TW-56 10/26/93 59.14 

TW-57 10/24/92 13.33 

TW-57 10/28/92 13.32 

TW-57 11/02/92 13.32 

TW-57 11/07/92 13.35 

TW-57 5/20/93 9.21 

TW-57 5/28/93 9.55 

TW-57 10/26/93 12.61 

TW-58 11/11/92 31.67 

TW-58 12/02/92 31.74 

TW-58 12/03/92 31.71 

TW-58 12/15/92 31.76 

TW-58 5/26/93 25.96 

TW-58 10/28/93 30.67 

MEASURING POINT (MP) MP ELEV. WATER ELEV. COMMENTS 

(ft) (ft) 

Top of PVC casing 5910.00 5848.47 Top Of PVC casing » 2.3' ags 
Top of PVC casing 5910.00 5848.67 Top of PVC casing • 2.3' ags 
Top of PVC casing 5910.00 5849.04 Top of PVC casing » 2.3' ags 
Top of coupling 5910.20 5857.49 Top of coupling = 0.2' above TOC 
Top of coupling. 5910.20 5857.39 Top of coupling = 0.2' above TOC 
Top of coupling 5910.20 5851.06 Top of coupling B 0.2' above TOC 
Top of PVC casing 5952.54 5939.21 Top of PVC casing B 2.18' ags 
Top of PVC casing 5952.54 5939.22 Top of PVC casing « 2.18' ags 
Top of PVC casing 5952.54 5939.22 Top of PVC casing B 2.18' ags 
Top of PVC casing 5952.54 5939.19 Top of PVC casing B 2.18' ags 
Top of coupling 5952.74 5943.53 Top of coupling s 0.2' above TOC 
Top of coupling 5952.74 5943.19 Top of coupling • 0.2' above TOC 
Top of coupling 5952.74 5940.13 Top of coupling » 0.2' above TOC 
Top of steel casing 5892.74 5861.07 Top of steel casing s 2.9' ags 
Top of steel casing 5892.74 5861.00 Top of steel casing B 2.9' ags 
Top of steel casing 5892.74 5861.03 Top of steel casing B 2.9' ags 
Top of steel casing 5892.74 5860.98 Top of steel casing B 2.9' ags 
Top of steel casing 5892.74 5866.78 Top of steel casing » 2.9' ags 
Top of steel casing 5892.74 5862.07 Top of steel casing = 2.9' ags 




